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POPULAR CHEMISTRY. 



li^XltUliUUTURY. 

Whf is ihe science qfchemigtry so named f 

Because of its origin from the Arabic, in which lan- 
guage it signifies ^the knowledge of the composition 
of fixiies." 

The following definitions of chemistry have been 
given by some of pur best writers: — 

" Chemistry is the study of the effects of heat and 
ntixture, with the view of' discovering their general 
and subordinate laws, and of improving the useful arts." 
—Dr. Black. 

'* Chemistry is that science which examines the con- 
stituent parts of bodies, with reference to their nature, 
piaportions, and method of combination." — Bergman. 

** Chemistry is that science which treats of those 
events or. changes, in natural bodies, which are not ac- 
companied by sensible motions." — Dr. Thompson. 

" Chemistry is a science by which we become ac- 
quainted with the intimate and reciprocal action of all 
the bodies in nature upon each other^" — Fowrcroy. 

The four preceding definitions are quoted by Mr. 
Parkes, in his Chemif^ Catechism. 

b2 



4 KNOWLBP«B FOU THE PEOPLX. 

.Dr. Johnson (from Arbuthnot) defines ^ chemistry^ 
^ •* philosophy by fire." 

Mr. Brande says ^ It is the object of chemistry to 
investigate all changes in the constitution of matter, 
whether effected by heat, mixture, or other means.**— > 
Manual, 3rd edit. 1830. 

Dr. Ure says ^Chemistry maybe defmed the science 
which investigates the composition of material sub- 
stances, and the permanent changes of constitution 
which their mutual actions produce." — Dictionary^ 
edit 1830. 

Sir Humphry Davy, in his posthumous work,* says, 
^ There is nothing more difficult than a good definition 
of chemistry ; for it is scarcely possible to express, in 
a few words, the abstracted view of an infinite variety 
of &cts. Dr. Black has defined chemistry to be that 
science which treats of the changes produced in bodies 
by motions of their ultimate particles or ateraw : but 
this definition is hypothetical; fer the uhimate partis- 
cles or atoms are mere creations of the imapination. 
I will give you a definition wblch will have the merit 
of novelty, and which is probably general in its ap}>li- 
cation. Chemistry rdatea to those operations hy which 
the intimaie nature bf bodies is changed, or by whch tJiey 
€u:quire new properms. This definition will not only 
apply to the eflects of mixture, but to the phenomena 
of electricity, and, in short, to aU the changes which 
do not merely depend upon the motion or ^vision of 
masses of matter.'' 

Cuvier, in one of a series of lectures, delivered at 
Paris, in the Spring of laat year^ says ^ tlie name che- 
mistry, itself, comes firom the word ekim, which was 
the ancient name of Egypt ;" and he states that mine- 
rals were known to the Egyptians " not only by their 
external characters, but al^ by what we at the present 
day call their chemicai characters,^ He also adds, that 
what was afterwards called the Egyptian science, the 

* Conaolations in Travel ; or tbe Last Days of a Philoeopber. 1830 
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Hermetic art, the art of transmuting metals, was a mere 
reverie of the middle ages, utteriy unknown to anti- 
quity. *' The pretended books of Hermes are evidently 
supposititious, and were written by the Greeks of the 
lower Empire." 

Why is chemistry essentitd to man in his hightst staU 
of cvUivationf 

Because every part of his body is covered with the 
products of different chemical and mechanical arts; 
made not only useful in protecting him from the ia- 
clemency of the seasons, but combined in forms of 
beauty and Variety ; creating out of the dust of the 
earth, from the clay under his feet, instruments of use 
and ornament; extracting metals from the rude ore, 
and giving to them a hundred different shapes for a 
thousand different purposes ; selecting and improving 
the vegetable productions with which he covers the 
earth ; making the winds carry him on every part of 
the immense ocean ; and compelling the elements of 
air, water, ^md even fire, as it were, to labour for him ; 
concentrating in small space materials which act as 
the thunderbolt, and directing their energies so as to 
destroy at immense distances; blasting the rock, re- 
moving the mountain, carrying water from the valley 
to the hill, &c. Or, to be more minute, the rendering 
skins insoluble in water, by combining with them the 
astringent principle of certain vegetables, is a chemi-* 
cal invention; and without leather, our shoes, our 
carriages, our equipages, would be very ill made : 
tiie bleaching and dyeing of wool and silk, cotton 
and fax, are chemical processes, and the conver- 
sion of them into different clothes, is a mechanical 
invention ; the working of iron, copper, tin, lead, and 
the other metals, and the combining them in different 
alloys, by which almost all the instruments necessary 
for die turnet^ the joiner, tiie stonemason, the ship- 
builder, and the smith, are made, are chemical inven- 
tion jven the press could not have existed in any 

B 3 
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■late of perfection without a metallic alloy. The oom- 
biniDg of alkali and sand, and certain clays and flints 
together, to form glass and porcelain, is a chemical 
process \* the colours which the artist employ^ to frame . 
resemblances of natural objects, or to create combina^- 
tions more beautiful than ever existed in nature, are 
derived from chemistry ; — ^in short, in ev«ry branch of 
the common and fine arts, in every department of hu-^ 
man industry, the influence of this science is felt; and 
we may find in the fable of Prometheus taking the 
flame from heaven to anim&te his man of clay, an em- 
blem of the efiects of fire, in its application to chemi- 
cal purposes, in creating the activity and almost the 
life of civil society. — Abridged from " the Last Days of 
a Philosopher^*^ by the late Sir Humphry Davy. 

Why may real philosojphers be considered to have 
done much by their ofivn inventions for the useful arts ? 

Because the chemical or mechanical manufacturer 
has merely applied what the philoso^er has made 
known ; he has merely worked upon the materials fur- 
nished to him. Thus, the chlorine, or oii^muriatic 
gas, of Scheele, was scarcely known, before it was ap- 
plied by Berthollet to bleaching ; scarcely vas muria- 
tic gas discovered by Priestley, when Guyton de Mor- 
veaU used it for destroying contagion. Platinum has 
owed its existence, as a useful metal, entirely to the 
labours of an illustrious chemical philosopher; look at 
the beautiful yellow afforded by one of the new metals, " 
chrome ; consider the medical effects of iodiae, in some 
of the most painful and disgusting maladies belonging 
to human natiure, as cancer and bronchocele. We 

♦ The improvements of porcelain in this country, a« well as those 
made in Germany and France, have been entirely the result of chemical 
experiments ; the Dresden and the ^^vres manufactories have been the 
work pf men of science ; and it was bv multiplying his chemical ie> 
searches, that Wedgewo6d was enablea to produce, qjt so cheap a rate, 
those beautiful imitationn, which, while they surpafltthe ancient vases 
in solidity and perfection of material, equal them in the eleguwe, va< 
riety, and testeful arranfement of tbiir fonns. 



have no histoxy of the maimer in which iron was ren- 
dered maUeable; but we know that platinum could 
only have been worked by a person of ue most refinad 
chemical resources. — Sir H. Davy. 
^ ^ Why is the apparatus essential to (he modem chemiH 
much less htdky and expensive than that ustd hy the an- 
cients 9 

Because an air-pimip, an electrical machine, a vol- 
taic battery, (all upon a small scale) a blowpipe appa- 
ratus, a bellows and forge, a mercurial and water-gas 
apparatus, cups and basins of platinum and glass, and 
the common re-agents of chemistry, are all that are 
required. All the implements absolutely necessary, 
may be carried in a small trunk ; and some of the best 
ana most refined researches of modem chemists, haye 
been made by an apparatus which might with ease be 
contained in a small travelling carriage, and the ex- 
pense of which is only a few pounds. Chemistry is 
not injurious to the health ; the modem chemist is not 
like the ancient one, who passed the greater part of hia 
time exposed to the heat and smoke of a furnace, and 
the unwholesome vapours of acids and alkalies, and 
other menstrua, of which, for a sinde experiment, he 
consumed several pounds. — Sir H. Vansy, 

ATTRACTION OR AFFINITT. 

Why is our earth a globe ? 

Because of the general attraction by which all its 
parts are drawn towards each other, that is, towards a 
common centre; by which means the mass assumes 
the spherical or rounded form. 

We have interesting instances of roundness from the 
same cause in minute masses, — as the particles of a 
mist or fog floating in air, — there, mutually attracting 
and coalescing into larger drops, and then forming 
rain— dew-drops — ^water trickling on a duck's wing — 
the tear dropping from the cheek — drops of laudanum 
— globules of mercury, like pure silver beads, coalescing 
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when near, and fonning larger ones — smelted lead al- 
lowed to rain down irom an elevated sieve, which, by 
cooling as it descends, retains the form of its liquid 
drops, and becomes the spherical shot>lead of the 
sportsman. — ^drnott. 

Why is the prescription ofmtdicine by drops cm unsafe 
method 7 

Because, not only do drops of fluid from the same 
vessel, and often of the same fluid of different vessels, 
difler in size, but also, drops of the same fluid, to the 
extent of a third, from different parts of the lip of the 
same vessel. 

fVhv has it been said that the whole loorld, if (he atoms 
could oe brought into absolute contact, might be compress- 
ed into a nutshell ? 

Because of the exceedingly little of really solid 
matter even in the densest mass, as evident in tlie non- 
contact of atoms, even in the most solid parts of bo- 
dies ; from the very great space obviously occupied by 
pores ; the mass often having no more solidity than a 
heap of empty boxes, of which the apparently solid 
parts may stiJ} be as porous in a second degree, and so 
on; and from the great readiness with which light 
passes in all directions through dense bodies, like glass, 
rock crystal, diamond, &c. We have as yet no means 
of ascertaining exactly what relation tliis idea has to 
truth. — Jtmott, 

Why may the doctrine of uUim^ate atoms be considered 
as established 7 

Because, accor^^ to the late Dr. Wollaston, the 
earth's atmosphere is limited, and consequently matter 
has a finite divisibility. "Yet," observes another, "of 
the smallest atom we can always imagine the half." 

Why is the density, or the quantity of atom,s which exist 
in a given space, very different in different bodies ? 

Because of three different circumstances : first, of 
the size or weight of the individual atoms ; secondly, 
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CD the degree of poroeity just now expfoined ; thirdly^ 
on the proximity of the atoms in the more solid PUIbl 
which stand between the pores. As an example of 
the differenl degrees of density, a cul»c inch of wad is 
40 times heavier than the same bulk of cork. — AmtM, 

Why art certain bodies solids 

Because their parts cohere 00 firmly as to resist im- 
pression. 

Lavoisier has explained solidity tiius : — ^ The partir 
cles of all bodies may be considered as subject to the 
action of two opponte ^wen, repulsion and attraction, 
between which they remain in equilibrio. So long as 
the attractive force remains strongs, the body must 
continue in a state. of solidity; but if, on the contrary, 
heat has so &r removed these pai^les from each 
other, as to place them beyond the sphere of attraction^ 
they lose the cohesion which they before had with 
eacii other, and the body ceases to be solid. " 

Jfhf do blue mid yellow powders^ when mixed, form 
a green powder f 

jSecause of the mere effect arising in the eve from 
the intimate mixture of the yellow and blue ught se- 
parately and independently, reflected from the minute 
particles of each ; and the proof is had by examininff 
the mixture with a microscope, when the yellow and 
blue grains will be seen separately and quite unaltered. 
-- J,R fF, HerscM. 

ffhv cannoi a similar separaUon be detected in liquid 
green7 

Because of the excesnve minuteness of the parts, 
and their perfect intermixture, by agitating the blue 
and yellow liquids together. From the mixture of two 
powders, extreme patience would enable any one, by 
picking out with a magnifier grain afler grain, to se- 
parate the ingredients. But vmen liquids are mixed, 
no mechanical separation is any lonser practicable: 
tiie particles are all so minute as to elude all search. 
-^J.F.W.Herschel. 
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Why do we use the term specific gravity to expre9» the 
relaHve weight of bodies'? 

Because it denotes the weight of the matter of which 
any body is composed, compared with the weight of 
pure distilled water, at 60° Fahrenheit, assumed as a 
standard. 

Why 18 there a d^erence in the specific gravity of dif- 
ferent bodies f 

Because one body is larger, or takes up more room 
than another of the same weight, when the first is said 
to be specifically Ughter than the other, and viceversA* 

The specific gn^vity of bodies is denoted, in, chemi- 
cal writings, by comparing it with the specific gravity 
of pure water, in decimal figures, water bein^ always 
considered as 1.000. Thus the specific gravity of the 
strongest sulphuric acid is 1.850, or nearly nine tenths 
heavier than water. Iron is 7.650, or more tjian if J 
times heavier than water ; that is, a cubic inch of iron, 
if put into a scale, would require 7^ inches to balance 
it ; silver is 10.478 ; gold, 19.300; and platinum, 23.000, 
or 23 tunes heavier than water. The specific gravity 
of all bodies is noted in the same way. — Parkes, 

Why does some stone decay rapidly^ aWiovgh very hard 
when first dug from the quarry ? 

Because it abounds with clay, or alumine, which 
has so great an affinity for water as to absorb moisture 
from the atmosphere, and thus destroy itself. 

Why will not oil and water mix in a vial upon being 
violently shaken ? 

Because the water and the oil have no affinity for 
each other ; but if some caustic anmionia be aaded^ 
and the viai then agitated, the whole will be mixed 
mto an ammoniacal soap. This is what is called dis- 
posing affinity^ or uniting bodies, which apparently have 
no tendency to unite of themselves, by the addition of 
another substance. 

Why do smaU needles float on water 7 

Because the particles of water cohere among them- 
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■elyefl^ and the weight of the heedles is not sufficient 
to orercome that cohesion. 

Why do a pound of water, and a pound of saU when 
mixed, form two pounds of hrine, hut then occupy much 
less hulk than when separate % 

Because the atoms of the one are partially received 
into what were vacant spaces in the other. A similar 
condensation is observed in many other mixtures ; as 
a pound of sugar in a pound of water. Tin and cop- 

Eer, melted together to form bronze, occupy less space 
y one fiileendi, than they do when separate. — JimoU, 

' Why are a hundred pints of common air to he compress- 
ed into a pint vessel, as in the chamber of an air gun ? 

Because, in aeriform masses, the atoms are very dis- 
tant, and hence the masses are more easily compressed. 
In this case, if the pressure be much further increased, 
the atoms will at last collapi^e, and fbrm an oily liquid. 
The heat which was contained in such air, and gave 
it its form, is Squeezed out in this operation, and be- 
comes sensible all around. — •^mott. 

Why are liquids said to he saturated ? 

Because they cannot combine with, or take up, more 
than a certain quantity of any solid or aeriform body ; 
the point at whica Uiis action ceases is saturation: 
thus, water will only take up a certain known weight 
of alum, salt, &c. 

Why is gravitatuyh: (he first and nu>st general cause <f 
changes on the earth"? 

Because water, raised in vapour by the heat of the 
sun, is precipitated by the cool air in the atmosphere ; 
it is carried dowi\ by gravitation to the surface ; and 
gains its mechanical force by this law.^ — Sir H: Davy, 

Why does the pyramid last longer than other forms f 
Because it is most fitted to resist the force of gravi- 
tation. 

Why is an apartmjent never literally empty ? 
Because, if^it offer to view nothing but the naked 
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widQ% it is full of air, just as mx <mm vessel, im mctt wd 
in the sea, is full of water ; and ifiur were not ollowod 
to escape from it, even so small a body as an anple 
could not be pressed into it additionally by less mce 
than My or sixty pounds. 

Why is heat wroduAed «n slacking gmdcrUmef 
Because of uie violence of the chenaieal action, and 
the solidification of the water. In this jprocess 68 parts 
of Bme solidify 32 parts of water ; but it is remarkable^ 
that in making what we call Mm^water, 500 parts 9£ 
Water are requu^ to dissolve one part of lime- 

^ Why is it a vulgar error to say qutch-limef oroSof, 
vttrioly bums f 

Because they powerfully corrode animal and vege- 
table substances, and become violently hot fi*om their 
combination with water. ^They are, therefore, set 
down in vulgar parlance, as substances of a hot na- 
ture ; whereas, in their relations to the physical caine 
of heat, they agree with the generality of bodies simi- 
lai'l^ constituted." They owe the sensation of heai 
which they excite, to chemical stimulants, and not at 
all to their being actually hot 

ffhy are not bUter and sweet essential quaUties ofma^ 
ler? 

Because, as Dr. W. Herschel has recently discovered, 
the mixing of nitrate of sUver with hypo-sulphate o^ 
soda, both remarkably bitter substances, produces the 
sweetest substance known. Thus, bitter and sweet, 
as well as sour, appear not to be an essential quality 
in the matter itself, but to depend on the proportions 
of the mixture which composes it 

CRTSTALLIZATION. 

Why do fhejigures of crystals vary inrefndarityf 
Because their regularity is influenced by the rapid' 
ity of the evaporation : thus, if the process be slowly 
eonducted, the particles unite with great regularity; 
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iflnmied^theciTBiBbateirreflularaiid To 

obtain very regular crTstak^ uie evaporalion must lie 
spontaneouiS) or that which takes place at common 
temperature. 

Why is the GianPs cauaewcy d^Mpoatd m ongtito 

Because it is supposed that the whole body of the 
rock was^ once in a state of fluidity, being no other 
than the lava of a burning mountain ; that the prodi- 
gious mass cracked in its cooling, into the above rorms; 
that it may since in some measure have been deranged 
by earthquakes; that these have swallowed up the vol- 
cano itself; and that the wafers of the neighbouring 
ocean now roU over the place where once it stood.—* 

The most remarkable basalt is the columnar, which 
forms immense masses, composed of columns, thirty, 
forty, or more feet in height, and of enormous thick- 
ness. Those at Fairhead are 250 feet high. The coast 
of Antrim, in Ireland, for the qpace of three miles in 
length, exhibits a very magnificent variety of colum* 
nar cliffs ; and the Giant's causeway consists of a {)oint 
of that coast, formed of similar columns, and project- 
ing into the sea for a descent of several hundred feet 
These colunms are for the most part hexagonal, (or 
six-sided) and fit very accurately together ; but most 
firequently not adherent to each other, though water 
cannot penetrate between them. In the Hewides are 
likewise some vast specimens of basalt 

Why cart certain bodies porous, orfuU of smaU vaamt 
9pmees$ 

Because of the crossing of the constituent crystalUne 
nnedles or plates in bodies. — ^^tmotL 

Why ore cryskds mechamtaUy dvoidtd only in eeiiaifi 
dineidtums, so as to o^d smooth surf aces $ 

Beoauae, m eiveiy crystallized substance, wbalorer 

PART V. c 
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may be the ^ifierence of the figure which may arise 
from modifying circumstances, there is, in all its cry^ 
tals, a prinntive form, the nucleus, as it were, of the 
crystal, invariable in each substance, giving rise to the 
actually outward existing forms. — Parkes, , i 

ffhy has strong salt and loater a pellicle {o9Kfim) on 
its surface f ' t< • 

Because the attraction of the saline. particlesricM' each 
other is becoming superior to their attractiohcfor the 
water. This is the common criterion .of the^fiitness of 
a solution for ciystallization. yrr 

Sir Isaac Newton seems to have had a veirjr clear 
idea of the cause of crystallization. "Whei:^?! says 
he, ** a hquor saturated with a salt, is eraiyorated 
to a pellicle, and sufficiently cooled, the salt forms in 
regular crystals Before being collected, th(». saline 
particles floated in the hquor, equally distant from^ach 
other ; they acted, therefore, mutually on each o^her, 
with a force which was equal at equal distances, .and 
unequal at unequal distances; so, in virtue of .^^his 
force, they must arrange themselves in aa unifoisn 
manner.^ — J^ewtovCs Optics, Book iii. • » 

Why will not salt crystallize when dissolved in a eoh^ 
siderctole qtumtity of water ^ 

' Because the particles of the salt are too far asunder 
to exert reciprocal a'ttractiou ; in other words, they are 
more powerfully attracted by the water, than by each " ^ 
other. — Brande. 

Why does the salt crystallize upon wapqirahimi of pari 
of:(he toater $ 

Because some of the saline pardcles then gradually 
approach edch other, and they vrill, according to cer- 
tain laws, become regular solids ; another portion of 
the salt will remain dissolved in the water which is 
left ; this is usually called the mother liquor, or water. 

There is a great variety in. the form of crystallized 
Baits, and each salt preserves its own peculiar form 
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tiius, cotDmon culinary salt generally cryBtallizes in 
small tubes, and sulphate of soda in six-sided prismft. 

ffhy do cerlcnn salts {catted freezing mixtures) con- 
vert mder into ice f 

Because, as heat is required to convert solids into 
liquids, it follows, that in cases of sudden liquefaction, 
(as when the salts are dissolved in the water j cold will 
ensue: hence its production during the solution of 
many saline bodies, and hence, also, the explication of 
the theory of Jreezing mixtures 

The artificial preparation of ice has occupied much 
of the attention of modem chemists. The most recent 
experiments were made by M. B. Meijlink, who, afler 
numerous triids, with difierent salts, for the purpose of 
converting water contained in a tin vessel into ice, 
during tfieir solution, ultimately gave the preference 
to a mixture of four ounces of nitrate of ammonia, four 
ounces of sub-carbonate of soda, and four ounces of wa- 
ter. This mixture, in three hours, produced ten ounces 
of ice ; whilst, with the mixture of sulphate of soda and 
muriatic acid, he obtained ice only after seven houjs. 
^^Brande's Journal^ 1829. • 

Why do many salts, when exposed fo ihe air, effweMCt^ 
crfaUto powder ? 

Because they lose their water of crystallization? 

Why do some salts effloresce more than others f 
Because some thus completely lose their water; 

while others retain different quantities, according to 

the dryness of the air. 

Why do som^ salts deliquesce, (or become, mjoist'or li- 
quid) oy exposure to the airnjosphere ? 

Because they attract water from the atmosphere. 
Why are not salt hoUers made of cast iron f 
Because the cast iron would crack by the adhesion 
of the salt. 

Why is saJJtrpetre rdined by solution in toaterf^ 
Because the rough petre, as it is caUed, is always 

c2 



16 KirOWUCIWB FOB. THE FSOFUE. 

oontfusokiftted with muriate of soda and other salts. In 
CMxleri therefore, to separate them, the refiners dittolv<e 
the whole in water, and then, by boiling the solution, 
evaporate a part of the water, and die muriate of soda, 
&c. fall down, while the sait-petre is held in solution. 
When the greatest part of these salts is thus separated, 
the remainmg liquor is suffered to cool, and tne nitre 
is obtained in crystals. This process illustrates the 
difierenoe which there is in the solubility of salta.'^ 
Parkes. 

Why UHU mJtrt used in ikt compoaUion o/* GreiBk-fire ?. 

Because it fed or kept alive the sulphur, resin, alco- 
hol, camphor, &c of which the fire wes ateo composed, 
by conveying oxygen from the atmospheric air to the 
sulphurous gas, and to the sulphur while burning. 
Into this composition, when melted, woollen cords were 
dipped, and rolled up for use. These balls being set 
on fire, were thrown into the tents of the enemy, and 
«s the combustibles were furnished with a constant 
supply of oxygen from the nitre, nothing could extin- 
gluUh them. 

Why wUl a lump of alum in a glass of water^ assume 
umpramidal shape in dissidvingf 

Because, at first the water acts with so much energy 
as t^ overcome t^e cohesion of the solid in every di- 
rection; but, as the particles of the alum become 
united with those of Jie water, the power of the solvent 
diminishes. The particles of water which combine 
first with the alum, become heavier by the union, and 
fall to the bottom of the glass ; and the action at the 
lower extremity ceases, before it is complete at the 
upper. When the action has nearly termmated, if wo 
closely examine the lump, we shall find it covered with 

geometrical figures, cut out, as it were, in relief, upon 
le mass ; showing, not only that cohesion resists the 
power of solution, but that, in the present instance, it 
resists it more in some directions thai in others^ and 
that when the attraction of the solvent is nearly sAtis- 
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fied, it is baknoed by that delicate modifipatioii of 
cohesion, upon which crystalline arrangement depends. 
This experiment beautifully illustrates the opposite 
ac&on or cohesion and repulsion. 

Why is alum vstd in making candles ? 

Because it gives firmness to the tallow. 

Nitre has very recently been applied to the improved 
preparation of caudles, by steeping the cotton wick in 
lime water, in which is dissolved a considerable quan- 
tity of nitre. By this means is obtained a purer 
flamie and a superior light ; a more perfect combusdon 
is ensured ; snuffing is rendered nearly as superfluous 
as in wax-lights ; and the candles thus made do not 
run, or waste. The wicks should be thoroughly dry 
before the tallow is piit to theno. — Brewster's Journal^ 
1829. 

Why is alum used in saU-drying cod-fish. 
Because it prevents the salt from dissolving. 

Why is alum used for preparing paper for the prC" 
seroatwn ofgunpou^derf 

j^»^use it prevents the bad effects of damp atmo- 
^pqei^c air upon the powder, and preserves the paper 
ptfi readily taking fire. 

are, the crystals collected in camphor bottles in 
_ &' tvindows always most copious upon (he surface 
txposcd to the light 9 

Because the presence of light considerably influ- 
ences the process of crystallization. Again, if we 
place a solution of nitre in a room which has the 
light admitted only through a small hole in the vnn- 
dow-shutter, crystals will form most abundantly upon 
the side of the basin exposed to the aperture through 
which tlie light enters, and oflen the whole mass of 
crystals will tm-n towards it. — Brande, 

Why is there rock soli 9 

Because it is supposed to have been deposited by 
die sea, or by salt lakes drying up, which formerly 

c 3 
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coTertd the present continents. Salt strata abo 
diminish in thickness as they recede from the sea. 
This is perhaps the most obvious hypothesis, but it 
is tiable to many objections, one of which is the enor- 
mous depth of sea water necessary to the productioli 
of a body of rock sak above fort^ yards in thickness, 
such as the insulated mountain of rock salt at Cordova, 
in Spain." — JVotes on Scunce. 

The salt mines near Cracow, in Poland, which have 
been worked ever since the middle of the thirteenth 
century, contain an immense store of muriate of soda* 
Eight hundred workmen are emploved in them, who 
raise 168,000 quintals of salt annually. Through the 
enormous mass of salt, which presents to the eye no 
interruption to its saline texture,' and at the depth of 
450 feet, flows a stream of pure, fresh, and transparent 
v^ter, which i& received in large troughs, where the 
workmen and horses of these subterraneous regions 
quench their tliirst. As it was impossible that this 
spring could filter through the salt, Natui-e, who buries 
her mastefpieces in tfie bowels of the deepest moun- 
tains, has- placed in this mass a stratum of clay suffi- 
ciently thick to allow the stream of water, destined to 
refiresh the workmen, to pass through it in. such a 
manner as to be preserved from the salt, of which a 
small quantity would injure its salubrity. — Parkes, 

A series of ingenious models of the Polish salt mines 
was exhibited in London about two years sihce. 

Why are the flats cut near the jeo, on the Keniiah 
coast, called salt-pans ^ 

Because at high tide they become filled with sea- 
water> which being confined there, the sun evaporates 
it, and leavo^ salt in the flats, from whence it is laid 
up to dry for use. 

Why is sugar refined by boUinff the syrup in a vacuum, 
or place from which the air has been eicdudedf 

Because this, and all other liquids, are driven ofi« 
or made to boil at lower degrees of heat when the 
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atmoBpheric pressure is lessened, or remored. Thii% 
the process for refining sugar is to dissolve impure 
sugar in water, and aner clarifying tibe solution, to 
t]oil off or evaporate the water agaiui that the dry 
crystallized mass may remiun. Formerly this evapo- 
mtion was performed under the atmospheric pressurOi 
and a heat of 218® or 220** was required to inake the 
syrup boH ; by which degree of heat, however, a por- 
tion of the sugar was discoloui-ed and spoiled, and the 
whole product was deteriorated. 

The syrup, durmg the process in vacuo^ is not more 
heated than it would be in a vessel merely exposed to 
a sununer sum The vacuum is produced and main- 
tained by air-pumps driven by a steam engine, or 
otherwise ; or by the direct admission of steam, which, 
afler expelling the air, is condensed into water.--«i^niott. 

By this process more money has been made in a 
shorter time, and with less risk and trouble, than was 
<ever perhaps gained from an invention ! 

Why are the vessels for evaporaiwg or distiUing in 
vacuoy generaUy of arched form ? 

Because they require to be strong enough to bear, 
when quite empty, the external atmospheric pressure. 

Why is sugar-candy crystallized on strings, and v«r- 
dims on sticks ? 

Because crystallization is accelerated by introducing 
into the solution a nucleus, or solid body, (like the 
string or stick) upon which the process begins. 

The ornamental alum baskets, whose manufacture 
was once so favourite a pursuit -of lady-chemistry, 
were made upon this principle; the *fbrms of. the 
baskets being determined by wire framewoik, to which 
the crystals readily adhered. 

Why is sugar-candy sometimes in large and regular 
crystals f 

Because tiie concentrated syrup has been kept for 
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flereral days and nights undiiturbedy in a very hi^ 
temperature ; for, if perfect rest and a temperature of 
from Vmy* to 190° be not afforded, regular crystals of 
candy will not be obtained. 

The manufacture of barley-sugar is a familiar ex- 
ample of ciTstallization. The syrup is evaporated 
over a slow heat, till it has acquired the proper con- 
sistence, when it is poured on metal to cool, and when 
nearly so, cut into lengths with shears, then twisted, 
and again left to harden. 

JFhy are gfwdl, radiant, and tree-like crystdUizaiions 
seen on dirty windows in London ? 

Because of the great number of coal fires in the 
metropolis: these crystals (of sulphate of ammonia, or 
at least, sulphite of ammonia, which becomes sulphate 
by exposure to the air) being an abundant product of 
the combustion of coal. — Brande, 

Why do some springs petrify objects by iheir spray 9 

Because their water is impregnated by means of its 
carbonic acid, with a- large portion of carbonate of 
lime, which it deposits on issuing into the air. At 
Clermont, in France, there is such a spring, where 
Mr. Scrope saw the stuffed skins of a horse and a cow, 
birds, fruit, flowers, &c. undergoing this petrifying 
process. Its incrustations have also formed an ele- 
vated natural aqueduct, 240 feet in length, and ter- 
minating in an arch thrown across the stream it orig- 
inally flowed into, 16 feet high and 12 wide. — Scrop^s 
Memoir on tke Geology of Central Fraance, 

Why isjluor spar so called ? 

Because it has the property of mcrea^ng the fusi- 
bility of other mineral substances. It has also been 
called vitreous spar, because when fused it has the 
appearance of glass. 

HEAT. 

Why is heat considered one of the chy/ef agents in 
chemistry^ 



BecauM its most obvious sources are chiefly referred 
to tbe general head of clieinical combination. Thua^ 
fire, or the combustion of inflammable bodies^ is n<H 
thing more than a violent chemical action attending 
the combination of their ingredients with the oxysen 
of tbe air. Animal heat, is, in like manner, referable 
to a process bearing no remote analogy to slow com- 
bustion, by which a portion of carbofiy an inflammable 
principle existing in the blood, is united with the 
oxygen of the air in respiration, and thus carried off 
from the system: fermentation is nothing more than 
a decomposition of chemical elements loosely united, 
and their reunion in a more perfect state of combina- 
tion. Friction^ as a source of heat, is well known e 
we rub our hands to warm them, and we grease the 
axles of carriage-wheels to prevent their setting Are to 
the wood. Again, CoUnt Rumfonl has established 
the extraordinary^ fact, than an unlimited supply of 
heat may be derived by friction from the same mate- 
rials. — Jr. F. W. Herschd. 

Savages light their fires by rubbing two pieces of 
•wood : Count Rumford made great quantities of water 
boil, by causing, a blunt borer to rub against a mass 
of metal immersed in the water ; and Sir Humphry 
Davy quickly melted pieces of ice by rubbing them 
against each other, in a room cooled below the freez- 
ing point. Instances hdve occurred, where whole 
forests have been burned down by fires kindled from 
the violent friction of the branches against each other 
by the wind. 

fVhy 18 U conjedtared VuA there is a difference hdween 
solar and terrestrial heat ? 

Because the rays of the first pass through glass 
without heating it, while the rays of the latter are 
stopped by the glass, which becomes hot when opposed 
to them. 

Why may heat he considered as a power opposed to 
ottraetiorif 
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Because it tends to separate the particles of bodies ; 
and whenever a body is heated, it is also es^fianded. — 
Bnmde, 

Why is the term caloric ustdf 

Because it may distinguish the cause of heat from 
the sensation which we call by the same name ; but 
the terms caloric and calorific fluid seem to imply the 
material nature of heat, which has not yet been 
proved. 

Why is caloric considered a svbde material fluids the 
partides of which mvtuaUy repel each other f 

Because this supposition appears to give a plausible 
explanation of most of the phenomena dependent upon 
heat, as the expansion, fusion, and vapourization of 
bodies, on the idea that the particles of caloric when 
interposed between the particles of bodies, in sufficient 
quantity, produce these effects. It is natural to sup- 

Eos6 when a body is enlarged in bulk, that the en- 
u'gement is occasioned fay the introduction of the 
particles of other matter, by which the particles of the 
expanded body are repelled to a greater distance from 
one another ; and this repulsion becomes so great, in 
consequence of the Introduction of a large quantity of 
heat, as to enable the particles of solid bodies to assume 
the fluid, or aeriform states. 

There are, however, other theories of the nature of 
heat ; but the question remains undetermined ; and it 
is fortunate that most of the phenomena 'connected 
with tlie operation of heat, may be explained equally 
well upon either theory. 

Why is heat called latent^ 

Because, when heat liquefies a solid, or converts a 
liquid into vapour, tlie Uquid or the vapour is no 
hotUfr than the solid or liquid from which it was pro- . 
duced, though a great deal of heat has been expended 
in producing this effect, and has actually entered into 
the substance.* Hence it continues to exist in the 
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product, maiBtaining it in its new state \nthout in- 
creasing its temperature, and is thus latent or 
hidden. This - great discovery was made by Dr. 
Black, who further proved, that when the vapour con- 
denses, or the^ liquid freezes, this latent heat is again 
given out from it. 

Wlof does water ihroum upon a fire ao powerfuUy 
rtpressttf 

Because of the great quantity of heat latent in 
steam ; — whence, again, why fire and tffoter are so often 
adduced proverbially as furnishing a striking contmst. 
— ^^bmotL 

Why does iron become red-hot by hammering f 
Because of the condensation of the metal by tho" 

force of the blow. Air may also be condensed by 

pressure, so as to set tinder on fire. 

Why are inorgainic bodies, such as gotdj irony Sfc, 
fou/iain all parts of (he globe ? 

Because diey have no direct dependence, in the 
present state of the earth, at least, on the solar heat, 
or its consequences ; whereas organic, or living mat- 
ter, has. 

Why does ice, when heated, become water; and Ike 

water, when heated further, become steam % 

Because the continued addition of heat gradually 

if increases the mutual distance of the constituent 

it atoms of the ice, and their cohesive attraction is over- 

d come ; till, at length, the atoms are repelled to still 

[y greater distances, and the substance is converted into 

steam ! Abstraction of heat causes return of states 

in the reverse order ; the steam when cooled ^gain^ 

a becomes water as before, and the water, when cooled, 

Q becomes ice* 

y . Why does a pint of water, when concerted into stettm, 
d ^eeupy nearly 2000 times the mace of the water ? 
Because the heat merely produces « repulsion 
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amon^'the 'particlei^ and by no means fills ap|li9 
JBtcredces*—- a^Hiott* 

Why are a/tr-expansien oiginM 90 wudi more ftower* 
fid inan steam-engines 9 

Because heat, when used to dilate aar, produees 
about four times the quantity of expansiTe power thai 
it does when used to form steam. * 

fVhy is not higK-presswe steam issuing from a hoQet 
heated perhaps to 300*^ not hotter than low-pfessure 
steam Jrom a hoOer at 212*^ ? 

Because, in the instant when the Mgh^preesure or 
condensed steam escapes into the air, it expands until 
balanced by the pressure of the atmoi^ere ; that is, 
until it become low-pressure steam, and it is cooled 
Vy the expansion, as air is cooled on eseaping firom 
any condensation. 

Why does not a generator^ if cradced wAen very kot, 
immeaiately let ovi the vapow or water ? 

Because the heat repels the wat^ and vapour to a 
oeitain distance from the metal, and, virtually, 8top9 
the crack, until the temperature is allowed to fall, 
when the rush of steam by the crack is tremendous. 
Mr. Perkins, in reascNoing upon this effect, imys : ^ The 
repulsive poWer of the heated metal is swffi<eieiit to 
retain the 9apour and the water equally distant ; lor, 
what else is vapour than water in a state of €»- 
pension ?*' 

Why does a Prinee Ruperts Drop fiy to pmoder on 
bemg simply hroken ? . 

liecause it is a lump of glass let fbfl, while iiised 
into water, and thel*eby suddenly cooled and 9oli<Med 
On the (Hitside, before the internal part ier changed; 
then as this at last hardens and would oo2itract,H is 
kept extended by the arch of external crust to which 
it coheres. Now, if a portion of the neck of tba. 
hmp be broken o£^ ; or if other violence be done. 



which jars its substance, the cohemon is destrojrad, 
and the whole cnui^les to dust with a kind of ex* 
plosion. — AmotL 

Why dots a loose bladder, tUd at the fnouth, and hM 
irfore a fire, gradwdly. swett.aand ajfpear /vUy ityiaiedf 

Because die small quantity of aur contaiiMd in the 
bladder is then so much dilated by the heat, that it 
occupies a. considerably increased space, and fills the 
bladder, of which it before occupied only a small 
part. 

Why does ehanfft of temperature retard or hasten the 
decomposition of dead vegetable and ammal siManees f 

Because the functions of life bring into combination, 
to form the curious textures of oraanic or Hying bodies, 
chiefly jfour substances^ Tiz. ^orSon, or coal; the in- 
gredients of water, or oxygen and kydrt^en ; and lastly, 
nitn^en ; — which substances, when in the proportions 
found in such bodies, have but dight attraction for 
each other, and all of which, except the corfton, 
usually exist as airs. Their ^ connexion, therefore, is 
easily subverted, and particularly by a slight change 
of temperature, which either so weakens their mutiud 
hold as to allow new arrangements to be formed, or 
altogether disengages the more volatile of them. — 
m^bTiott, 

Why is iron preserved from nut by dipping it tehen 
at a Jkdl red heat, into watery and then into linseed oUf 

Because the first part of the process frees it from the 
sc^es and extraneous matter, and the remaining heat 
disposes it to receive the oil, which forms a varnish, 
and filling up all the minute interstices of the sur&ce, 
prevents any rust. 

Why do docks and watches vary in their rate ofgeing^ 
Because of the expansion and contraction of me 
metals of which they ajre constructed. Tlius, in regu- 
lating the length of the second's ^wndulum, an exact 
acquaintance with the dilatation of metals, is — -^* 

PAET V. D 
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tial : fbr when the bob va let down a hundredth part of 
an inch, the clock loses ten seconds in twenty-fbur 
hours ; hence, a thousandth part of an inch will cause 
it to lose one second per day, and a chanse of tern - 
perature equal to 30° of Fahrenheit will alter its 
length about one five thousandth part, and occaaon an 
error in the rate of going, of eight seconds per day. 
Variations of temperature also occasion variations m 
the bttiance-wheels of, watches, which are obviated by 
various compensating apparatus. 

fVhy does a ampensation baUmct prevent ihe effecU 
qfexparuionor <ifmtracti(m^ 

Because it consists of interrupted concentric ringsr 
of different metals, joined together, so that the expan- 
sion of one counteracts the expansion of the other. 

Why do the iron hoops of Irenoers^ casks hind with stick 
great forced 

Because those which are at first made too small to 
fit, are heated until they are sufficiently enlarged; 
they are then driven on, and suddenly cooled, by 
throwing water upon them; the contraction of the 
iron which ensues on cooling, bringing the parts of 
the vessels in closer contact than they could easily be 
brought by other means, and fixes the hoops firmly 
round them. 

Why, does hay, tf stacked when dampy take Jiref 
Because the moisture elevates the temperature suf^ 
ficientiy to produce putrefaction, and the ensuing 
chemical action causes sufficient heat to continue the 
process ; the quantity of matter being also great, tlie 
heat is proportional. 

Why are concave mirrors employed as hxmxng-glasS' 
esf 

Because they collect the heat tf the sun's rays from 
the whole of its surface to a^ngle point, thus accu- 
mulating a very great degree of heat, fbr the com- 
bustion and fiifflon of various natural substances, that 
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wm fusible in the greatest heat capaMe of being 
produced fi^m ordinary fire. By this meansy Dra. 
Harris and Desaugliers mehed a silyer sixpence in 
seven seconds and a half; a copper halfpenny melted 
in sixteen seconds, and Mquefied in thirty-four seconds ; 
tin was melted in three seconds; and a diamond 
weighing four grains, lost seyen-eigfaths of its weight. 
Bunon also, with the faint rays of the sun in the 
mouth of March, set on fire boards of beech-wood at 
a hundred and fifty feet distance ; and at another 
dme, silver was thus fused at fifty feet distance. 

^ Why are not ^ hyiammaUe** and ^ eombvaiible^ «y- 
nommous terms ? 

irocause all metals are combustiUe ; that is, capable 
of igniting with oxygen: but they will not burn in 
atmospheric air, and are therefore not called inflam- 
mable. 

Why does (he themuymeter enable us to ascertain de- 
grees qfhetdf 

Because the fluid ascends in the tube on being ex- 
panded by heat, and thus marks the degree. 

Why is mercury preferred m thermometers ? 

Because the range of temperature between its 
freezing and boiling' points is very conaderable ; and 
its expansion within that range, tolerably equable.—^ 
Brandt. 

Why have tiiermometers freezing and hoUing points f 
Because they denote the points in the tube at 
which the mercurial column stands when cooled to the 
fi[«ezing, and heated to the bmling, of water. For this 
purpose, the instrument is immersed in melting ice or 
snow, and permitted to remain there for some time, 
until the quicksilver becomes stationary at one place, 
which is the freezing point ; a mark is made at that 
point upon the glass. If the instrument remains for 
some time in boiling water, the mercury after having 
liscended'* through a large proportion of the tube, be- 

p2 
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oomes •catioiiaiy at one pkoe which is tlw hoUmg 
p^inL It IB beiieTed that Fahrenheit took his zero, or 
oommencement of his scale from the degree of cold 
produced l^ laixuig snow and commott sah; that 
Doing the greatest degree of cold known in his time ; 
although a considerably greater degree of cold may 
be produced by mixing the same or other ingredietta. 
Whf ihes Reawnw^i Iherm&meier differ from lU- 

Because Reaumur divides the space between the 
boiling and free2ii;g points into 80 degrees, placing 
aero at fineesing^ and the 80(h degree at the boiling 
point 

Fahrenheit diiides the same space into 180 de- 
grees ; but the cipher (0) he places 32 degrees below 
the Dreeokic point (the cold <n a mixture of snow and 
common salt) so that the freezing point is at 33? and 
the boiling point at 212^. 

Reaumur 80^)180° Fahrenheit 

Oti** of Fahrenheit— equal to 1** 
of Reaumur. 

Phis 20" of Reaumur is 20^=" multiplied by 24«45 
add 32*=*=77'= of Fahrenheit, 

Wk^ art spirii thermometers preferable for ^necuun- 
ingvery low temperatures ? 

^cause spirit never freezes, whereas the low tem- 
perature at which it boils, renders it unfit for measuring 
nigh temperaturea 

Jfkif do do^s and other ammals put out their long 
moist tongues in'M weaffur ? 

Because, when much heated, th^ cannot throw .off 
or diminish their natural covering, and have only the 
above means of kicreasing the evaporation from their 
bodies. 

W%y, w the Arctie Regions, are the wattry parts of 
hwufy fioxen, while a very smaU quantity if strong 
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Bpvit ithft in the flmd skOe tn the mierior tf Ifct 

flROfff? 

Beeause the cohesion of the particles of water is so 
much more increased by the com than that of the par- 
ticles of the spirit 

Why 18 a pyrometer so called $ 

Because ot its origin from two Greek words sig- 
nifying measure of fire ; it being used to ascertain the 
degrees of heat in high temperatures, and iochi^Qng a 
range of nearly 32,000 degt^ of Fahre^eit 

Why does metal fed cdd when toudiedf 
• Because it reaJily carries of the heat of the body; 
all metals being good conductors of heat 

Why are certain bodies called goad and bad conduc- 
tors of heai^ 

Because, when exposed to the same source of heat, 
they suffer it to pass through them with different de- 
grees of velocity;, or they have various conducting 
powers with regard to heat. Good couductors, when 
touched, occasion a greater sensation of heat aud cold 
than bad ones. When the body feels cold, the caloric 
is passing out of it into the neighbouring object : when 
the body feels warm, it is receiving heat 

ffhjf are persons enabled to remain in a heated oven, 
wherein meat is bakingf 

Because of the ranty of the air, its weak conducting 
power, and its small capacity for caloric, which explain 
how a person can exist in so warm an atmosphere. 
The wool dresses which persons usually wear on such 
occasions, are also bad conductors of heat 

Sir C. Blagden, secretary to the Royal Society about 
thirty years since, remained, accompanied by a female 
dog; during eight minutes, in an oven heated to 100^ 
of Reaumur, 20^ above the p<Mnt at which water boils ; 
water^ although covered wiAi oil, boiled close to him ; 
and in thirteen mitiutes, the hot air beincr concentrated 
by a pair of bellows, some beef was dressed in the 
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wttid, place. Two Frencli acadeamlaaa, of the lasl 
century, saw at Larochefoucault a man, who, from 
Ubit, supported dunng ten iniiiuteB the heat of an 
oven, im which fruits and meats were eodced ; thejr 
found the heat to be 112"^ of Reaumur, 32^ abdTe that 
of boilmg water. The rarity of the air, its weak con- 
ducting power^ and its small capacity for calorie, s^rve 
to explain how a person can exist in so warm ai^ at* 
odosjpiiere. It is by its action upon the skin, c^d the 
consequeoces which ensue from that, that fii-e becomtsa 
injurious. Now the ^ Fire King," who exhibited him- 
self in Liondon last spring, was wrapped up in wide 
pantaloons, of red wool, a loose mantle also of woo^^ 
and wore on his head a great quilted felt cap; and 
the wool being a bad conductor of heat, this wonder- 
working genius should awaken the astonishment of the 
ignorant alone. 

Why are porous or spongy substanceSy as feathers^ 
JUeey rncMerySfc. bcid condudors qfheatf 

Because, in great measure, of the quantity of air 
which they have in their structure ; air being, probably, 
the worst conductor known, that is, the substance 
which, when at rest, impedes the passage of heat the 

Why does a drop of water roU about en a red-hoi 
iron tvithovi evaporation ? 

Because its surface becomes so highly polished aa 
to reflect all the heat. If the heat be less, the water 
penetrates the pores of the oxidated iron, and losing 
Its polish is evaporated. 

Why is water froccen in a vessel from which (he air 
hfUj^ been pumped ovt^ and vMch contains bodies ihcA 
quickly absorb its vaptmrs ? 

Because the evaporation of the water is thus acce*. 
lerated — the heat required for the conversion of one 
portion of the water into yapoiu:, being taken from the 
other portion, which is thus reduced to ice. 
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Wk^is iqft emd flabby tAeat wyUfor cooking f 
Became, after the rigidity bas totally ceased, animal 
flesh soon experiences the comnriencement of those 
chemical changes which terminate in putreftctibn. 

Whif do confectioners meU ice tdth common soli f 
"^ Because they thus produce cold much greater than 
that of the original ice. 

• Why do not 8pnng$ freeze ? 

Because the earth conducts cold or heat but slowly, 
and the most intense frosts penetrate but a few inches 
into it ; the temperature of the ground, a few ^t be- 
low its surfiice, is nearly the same all the world over. — 
AmoH, 

ffhy art many of (he gothie Kdlla and caithedrdU cool 
iw summer and warm in winter ? 

Because, in proportion as buildings are massive, they 
acquire more of mose qualities, which have just been 
noticed, of our mother-earth. — -AmotL 

fVhy is (he degree of cold greater the farther we re- 
move from the earth^s surface f 

Because the air is not heated immediately by the 
rays of the sun passkig through it ; but on tfieir meet- 
ing with an opaque (or dense) body, as the earth, dieir 
heat is elicited, and thence gradually communicated 
to the surrounding atmosphere. 

In winter, the earthy at ei^teen mches depdi, m 
warmer than the air; in summer, the air is warmer 
than the earth at that depth : these effects are owing 
to the earth being a bad conductor of heat. — Pcarkes, 

fVhy do the Swiss peasants, when they tvish to sow 
ffuir seed, spread black chUk dn the surface of the . 
snow^ 

Because it may abe<Mrb the sun's i^ys, and facilitate 
the melting of the snow. Dr. Franklin, to exemplify 
ii» efiect of the di^rent colours m absorbing heat, 
covered snow with pieces of cloth of different coloura, 



Si KNOWLEDGE FOR THE FEOPLE. 

01 a time whetr ' the sun was shining fully upon the 
8U0W. Having done so, he observed that the sdow^ 
under the black cloth was melted first, then that under 
the blue^ then under the brown, whilst that -imder the 
white cloth was very inconsiderably melted. 

ffliy are the Jmghia of Tnountains calcvkUed by ike 
tenweratvre at whim water botU upon their summits ? 

Because) if we diminish atmospheric pressure, We 
lower the boiling point. Thus, water, under mean at- 
mospheric pressure of 30 inches of mercury, boils in a 
metallic vessel at 212°. At the top of Mont Blanc, 
Saussit!^ found that it boiled at 187% from the atmos- 
phere being less dense there than below. 

fFky is the air warm in misty or rainy weather? 
Because of the liberation of the latent heat j&om the 
precipitated vapour. 

Why is heated air thinner or lighter than cold air 7 

Because it is a property of heat to expand all bodies ; 
or rather we should say, that we call air hot. or cold, 
according as it naturally is more or less expanded. 

Why is a tremidous motion observaMfi over chimneU' 
pots, and slated roofs which have been heated by me 
sun% 

Because the warm air rises, and its refracting power 
being less than that of the colder air, the currents are 
rendered visible by the distortion of objects viewed 
through them. 

Within doors, a similar example occurs above the 
foot-hghts of the stage of a theatre ; the flame of a 
candle, or the smoke of a lamp. 

Why are the gas chandeliers in our theatres placed 
under a large funnd ? 

Because the funnel, by passing throu^ the roof into 
the outer air, operates as a very powerful ventilator, 
the heat and smoke passing off with a large proportioji 
of the air of the house. 
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The venlikdon of rooms and buildings can only be 
perfectly effected, by suffering the faeat^ and fbiil air 
to paas off through apertures in the ceiling, while fresh 
ao*, of any desired temperature, is admitted from beK>w. 
— -Br«frrfe. 

Why is Ihe atmosphere of theaireSy and other crowded 
places J pr^udicial to healOi ? 

Because it has been found, that in a theatre, fix>m 
the connnenc^ment to the end of the pl?ty, oxygen or 
vital air is diminished in the jpit>pordon of from 21 to 
S7, or nearly one^fi>urt!^, and is in the same proportion 
less fit for respiration than befbre.-^Zicwomer. 

Why art diving-hells restricted in (heir descent to 
ten or itodve fathoms ? 

Because of the density, and more especially the 
heat, of the air, although renewed by forcing pumps^ 
becoming insupportable. 

Why does the bark of trees reseTtiUe ctothing^ 
Because it allows the heat to pass from ute tree but 
slowly, and secures, therefore, tne temperature neces- 
sary to vegetable life. 

That caloric is as necessary for the support of vege- 
table as it is for that of animal life, may be proved by 
direct experiment. If, in the middle of winter, a hole 
be bored in a tree, and a thermometer put into it, it 
will be seen that the tree is many degrees warmer than 
the atmosphere. 

ff^y does the effect of loindy or motion of the air, 
quickm evaporation f 

Because it removes air saturated with the moisture, 
and substitutes air which is not, thus producing nearly 
the case of the substance placed in a vacuum. 

ffhy do liquids evaporate neither so rapidly nor so 
greatly in air, as in a vacuum f 

Because the presence of the air impedes the spread- 
ing from the hquid surface of the newly-formed va- 
pour, and keeps it where its pressure resists the forma- 
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tion of more vapour ; and, because the air in contact 
with a liquid, shares its higher temperature with the 
liquid. Still, in India, flat dishes of wate^, placed 
through the night on beds of twigs and straw, kept 
wet, and in a current of air, soon exhitnt thin cakes of 
ice---and thus ice is procured in India, for purposes of 
luxury. — JimoU, 

Why do htated stormnd and soda form glass ? 

Because, by heating the mixture, the cohesion c^ 
the particles of each substance to those of its own kind 
is so diminished, that the mutual attractions of the two 
substances come into play, melt together, and unite 
chemically into the beautiful compound called glass. 

Why is sand ttsed in glass ? v 

Because it serves for stone ; it being said, that all 

white transparent stones which will not bum to lime 

are fit to make glass. 

fFhy do cracked glass vessels aUoto liquors io escape 
more or less ? 

Because of the various fissures, which are disdn- 
guished into four kinds. The first are such, that the 
hquid contained in the broken vessel escapes through 
them into the air. The second are such as retain the 
liquid, unless the vessel be immersed in water, or a 
similar fluid, and then the levels of the two portions of 
the fluid, tend to approach each other. The third are 
not permeable, (or, to be passed through) unless the 
fluids on opposite sides have a chemical action on each 
other: this is also the eflect produced by the mem- 
brane of the bladder. The fourdi kind are so fine, 
that no fluid passes, except in a single case. — Fisc^, 

Why is fine table-glass very liable to wear and dan 
mage 7 

Because of the great quantity of oxide of lead which 
it conttdns, to give it more density and refractive 
power. Its disadvantages are extreme softness, great 
visibility, akid liability to be coiiroded by acids. A 
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cooeiderable quantity of this oxide is contained in that 
glass used for lustres, for a]*tificial gems, and for most 
optical pnrposes. The superior appearance of Gui- 
naod's S^iss flint-glass is attributed to the quantity of 
oxide of lead which it contains. 

ELEGTRICITT. 

Why is ehctricUy so called f 

Because of its origin from electron^ the Greek name 
of amber, — ^the phenonoiena displayed by rubhins a 
piece of amber, being the first physical &ct recorded 
m the history of science. 

Electi'icity investigates the attsactions and repul- 
sions, the emission of light^imd explosions, which are 
produced not only by the friction of vitreous, resinous, 
and metallic surfaces, but by the heating, cooling, eva- 
poration, and mutual contact of a vast number of 
bodies. 

Wky are- certain bodies caUed conditctors of eUctn- 
dtyf 

Because they suffer electricity to pass through their 
substance. The metals are .all conductors ; according 
to Mr. Harris, (Phil. Trans, 1827) silver and copper 
are the best conductors ; then gold, zinc, and platinum, 
iron, tin, and lead. Well burned. charcoal and plum- 
bago also conduct. 

Why art other bodies called nanrconductars^ 

Because they only receive electricity upon the spo 
touched. Dry air, glass, sulphur, resins, and oils, are 
non-conductors. Water, damp wood, spirit of wine, 
damp air, some oils, and most animals and plants, ure 
imperfect conductors. 

Why have different bodies varioiLS conducting powers 
for electricity f 

Because their degree depends ' on the quantity of 
electricity which travei-ses them ;.so that of two con- 
ducting bodies, that which is the best for one electric 
current, may be the worst for either a stronger or a 
weaker current. — Professor Delarive, of Geneva. 
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Why are the phmiomena of eUdridiy cdRed negoHve 
and positive^ 

Because, Franklin, observing that the same electric 
city was not inherent in the' same body, but that glass 
sometimes exhibited the same phenomena as wax, and 
wax as glass, instead of regarding the phenomena as 
dependent upon two electric fluids, referred them to 
the presence of one fluid, in ex(5esB in somc^ cases, and 
deficient in others. To j^present these states, he used 
the terms plus and minuSjposiUve and negative. Thus, 
when glass is rubbed with silk;^ a portion of electricity 
leaves the silk and enters the glass ; it becomes positive, 
.therefore, and the silk negstive : but when sealinc-wax 
is rubbed with flannel, the wax loses and the ninnel 
gains ; (be former, therefore, is negative, imd tlie latter 
positive. All bodies in nature are thus regarded as 
containing the electric fluid ; and when its equUibriuni 
is disturbed, they exhibit the phenomena just des- 
cribed. — Brande. 

Why does an dedriccd machine produce flashes and 
sparks of light, when ike plate or cyltnder is turned 9 

.Because, it is conjectured, of the sudden compres- 
sion of the air, or medium, through which tho electri- 
cs passes : it is, probably, always attended by a pro- 
portionate elevation of temperature, as is shoWn by the 
power of the spark to influence spirits of wine, fldmi- 
nating silver, and other easily inflammable compounds. 
— Br&nde. * 

Why wiU a feather adhere to rubbed or exdled seeding' 
wax, arid fhenfaU off 9 

Because it is a:ttracted by, and remains in contact 
with, the wax, till it has acquired its electricity, when 
it will be repelled, and in that state of repulsion, it 
will be attracted by an excited glass tube. 

Why does the appearance oftledricfre vary 9 
Because of the difierent density of the medium 
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duoof^ wMch it panes. Thus, in common air, short 

r^ka are straight, or nearly so, and long ones sdg-2s>^ ; 
fonner are foriltiioit, especially at their e2ctremitie8, 
the latter usually of a paler or redder h«e. In con- 
densed air) the dectric spark is bright and white ; in 
rarified air it is of a i^dish tftige, and famt and 
divided; in the more per^ct vacuum. of a good air- 
pump, it is ef a puiplish hue, and only visible in a 
daik room. In the most perfect vacua which can be 
obtained, it is scarcely visible, and of a greenish tint. 
In different gases the dectric spark appeals most bril- 
liant in those which are most densd ; iu hydrogen gas 
it is &int and red ; in carbonic acid it is vivid and 
white.-r-jBwin«fe. 

Why is (fte electrical shock produetd erf the joints of 
the fingers, ihe ellxyios, shonlders^euid chest, h^ holding 
the discharger of a Ley den phial ? 

•Because there is an accumulation of electricity 
within the' phial, which consists of a thin glass jar, 
coated internally and* externally with ti^-foil, to within 
a short distance of its mouth. When the inner sur- 
face is rendered positive by union with the conductor 
of the electrical machine, the exterior, being connect- 
ed wi& the ground, becomes negative by vicinity or 
position. When the inner and outer surfaces are 
united by a conductor, all electrical accumulation is 
aimihilated by a powerful spark, and the two opposite 
states are fbund to have been precisely equivalenL 
Metallic w&es, vrith balls at their ends, bent or jointed, 
and fixed to a glass handle, are generally used to 
transfer the electric charge, and these instruments are 
called dischargers, A pane of glass, coated upon both 
sides to within an inch of its edges, with tin-*foil, 
exhibits precisely the same phenomena as the phtal ; 
but it is a less conveolant rorm of the apparatns.^ — 
Srande, 

.Why does the a/u^ {or wind of an eUctrictd maehine) 
Uow out a candle ? 

PART V. K 
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Because of the rapid succession of the electrified ain 
This effect is felt upon holding the hand near the 

C' t of a wire affixed to the coi^uctor, when a pecu« 
c>oldnes0 is perceived. It commimicates motion 
to light bodies, as is seen in electrical fly-wheels, and 
in models of mills, orreries, and other amusing electro- 
mechanical apparatus. 

Why is an arrangement of several Ley den jars eaUed 
an eUctrieal baUery f 

Because by a communication existing between all 
their interior coatings, their exterior being also united^ 
they may be charged and discharged as one jar. 

The discharge of the battery is attended by a con- 
siderable report^ and if it be passed through small 
animals, it instantly kills them ; if through fine me- 
tallic wires, they are ignited, melted, and burned; 
and gunpowder, cotton sprinkled with powdered resi% 
and a variety of other combustibles, may be inflamed 
by the same means. 

fFhy is lieht produced in the empty pari of a &aro- 
meter tvbe^ token %t is shaken in a dark room ? 

Because the glass becomes electrified by the fric- 
tion of the mercury. Even the friction of air tipon 
class is attended b^ electrical excitation : for it has been 
* found, tfiat by blowing upon a dry plate of glass, with 
a pair of bellows, it acquired positive electricity. 

Why is a plate ofzinc, when bronght into contact toith 
one of copper, or stiver, found, after remffoal^ to he post- 
iwdy dectriad, and the sUver or copper left tn ike oppo- 
site state f 

Because, of the electrical excitation by contact of the 
different metals, the most oxidizable (liable to rust) me- 
tal being always positive in relation to the least ox- 
idizable metal, which is negadve ; and the more oppo- 
site the metals in these respects, the greater the elec- 
trical excitation; and if the metals be placed in the 
Ibllowmg iHrder^ each will become positive by the con- 
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tact of that which precede it, and Degatire by the con- 
tact cf that which follows It , and the greatest efiect 
will result fit>m the contact of the most distant metab. 

Platinum 
CSold, 
'• Silver, 

Mercury, 
Copper, 
Iron, 
Tin, 
Lead, 
Zinc. 

Why are brass cocks in leaden cisterns corroded at 
iheJtmcHonf 

^Because of the chemical efiects of the contact of 
the metals. In like manner, the places where solder 
is applied are liable to deposidons from the water. 
Iron railings are apt to be decayed and dissolved, 
where lead is used to fix them in stone cavities ; and 
whei:e iron is employed in fixing a bronze statue, my 
fiiend Mr. Ohantrey (observes Mr. Brande) informs 
me that it prevents the acquisition of the defflrid>le' 
green rust 

ffhy have copper been svhstituUd for iron naUs and 
pins in fastening sheets of copper to mips* bottoms f 

Because the galvanic action produced by the union 
of the two metals, iron and copper, was a great cause 
of destruction; and copper nails and pins, although 
not so strong, are not attended with the same incon- 
venience. 

The last experiments which engaged Sir Humphry 
Davy's attention to any extent, were on this application 
of electrical combinations, for the purpose of preserv- 
ing the copper sheathing of ships' bottoms. To this 
subject Sir Humphry Davy gave much of his time, 
and personally inspected all the boats and vessels 
on which the trials were made. Although the theory 
upon which they were conducted proved eminently 
correct, no advantage could be ultimately taken of the 
plans which it suggested. The saving of the copper 

e2 
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was wbolly couoterbaUiQced by an accumulatioik. of 

shttil-fi^h aod sea- weed on the sheathing, wluoh becaat 
sufficient, in a short time, to prevent the proper oon^ 
mand of the ship at the helm. 

Why 18 eUctricUy suppostd to consist in,a rare, subUe^ 
and highly ekuticfiuidf 

Because ^ fluid of this kind, when accumulated in 
excess in bodies, tends constantly to escape, and seeks 
a restoration ot equilibrium by communicating itself 
to any others where there may be a deficiency ; thus, 
in its tendency to expand and diffuse itself, pervading 
with more or less facility the substance of conductors^ 
but obstructied and detained from expansion, more or 
less completely by non-conductors. It also appears 
that all electrical phenomena are explicable on this 
supposition. 

Why is animal eleciridty also called galpanism ? 

Because of its discovery by Galvani, oy tlie accidental 
suspension of recently killed frogs, by copper hopks, to 
the iron palisades of bis garden, when he obsen^edcon- 
vulsive movements in the limbs of the animals, which 
no known principle could explain. Gralvani, at length, 
ascribed these muscular movements to a series of dis- 
cbarges of a peculiar electricity, inherent and innate 
in living beings. 

Why were the phenomena just mentionedj called Fdl^ 
taic euctridtyf 

Because V olta proved that they proceeded from the 
contact of the two dissimilar metals (of the hooks and 
palisades) copper and iron, producing such a disturb- 
ance of the electrical equilibrium as was sufficient to 
affect the most delicate of all electroscopes, (measures 
of electricity) the irritability of a newly-killed frog, 
though it was insensible to every electroscope of human 
construction. Galvani, however, proved that muscu* 
lar convulsions could be produced in the Ibnbs of dead 
frogs, altogether independent of metals. . 
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ChihrafUflin has of late years given birth to improve- 
meals that have changed the face of chemical phi- 
losophv. One of its most brilUant results is thus 
beautifully illustrated in a Treatise <<on the objects, 
advantages, and pleasures of science," attributed to the 
present Lord Chancellor: — ^**It is to the results of the 
remark accidentally made upon the twitching in the 
frog's legs, not, however, hastily dismissed and for- 
gotten, but treasured up and pursued through many an 
elaborate experiment and calculation, that we owe our 
acquaintance with the extraordinary metal, liqiiid-like 
mercury, lighter than water, and more inflammable 
than phosphorus, which forms, when it bums, by mere 
exposure to the air, one of the salts best known in 
commeree, and the principal ingredient in saltpetre.'' 

Why trcw the Voltaic pUefirst.constructedf 
Because a lender rod of silver and of zinc, touch- 
ing each other at one of their ends, and at the other 
brought into contact with the nerve and muscle, or 
spine and toes of a dead frog, having excited powerful 
convulsions, it occurred to Volta that a repetition, on 
a more extended surface, of that simple series of two 
metals and moisture, might produce a combined eflect, 
capable of being fek by the human hand. Hence, he 
constructed, by regular alternations of silver, zinc, and 
moistened cloth or pasteboard, in a columnar ft>rm, 
the electro-chemical pile and battery. The best form 
of the Voltaic instrument is, however, that of a trough 
of earthenware, with divisions of the same material, 
(to be flUed with dilute acid) ; and the metallic plates 
are attached to a bar of wood, so that they can be 
immersed and removed at one operation. Such is 
the great wparatus of the Royal Institution, the most 
powerfid battery yet constructed in eledro-chenvitcU 
vniensibL The whole surface is 128,000 square inches. 
Mr. repys likewise constructed a battery of 2000 
plates for the London Institution; and Mr. Children 
constructed a vast apparatis, the plates of which 

e3 
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were two feet eight Indies wide^ and six leet 14^ 
They were fastened to a beam suspended by counter- 
poises from the ceiling of his laboratory, so as to b» 
easily immersed into, or withdrawn from, the ceOs of 
the acid. — Brandt. 

There are six great eras in dectro-chemiced 9c%enc€ : 
— 1. Its first discovery by Galvani. 2. Volta's disco- 
very of tlie contact of diBsimilar metals disturbing the 
electric equilibrium. 3^ Volta*s invention of the pile. 
4. The chemical power of this instrument first observ- 
ed by Messrs. Carlisle and Nicholson, in the decompo- 
sition of water. 5. The identity of these chemical 
effects with those producible by common electrieityi, 
first discovered and demonstrated by Dr. WollastOQ. 
And, lastly, the general laws of electro-chemical de* 
composition and transfer, revealed by Sir Humphrey 
Da\'y in a series of memoirs, equally remarkable for 
genius and industry. — Ure, 

TFhy is electricity contirvuaUy active in nature % 
Because general changes in the form and coneti- 

tution of matter, are connected with its electrical 

states. 

ffliy does it lighten? 

Because of the accumulation of electricity in the 
clouds: hence it is, in philosophical parlance, ealled 
the electric Jluid. ' 

The discharge of electricity in a thunderrstorm, is 
sometimes only from cloud to cloud ; sometimes from 
the earth to the clouds; and sometimes fit>m the 
clouds to the eai'th, as one or other may be positive or 
negadve. When aqueous vapour is condensed, the 
clouds formed are usually more or less electrical ; &nd 
the earth below them being brought into an opposite 
state, a discharge takes place when the clouds ap- 
proach within a certtun distance, constituting Ugh" 
nmg, — Brande. r 

IFhy doesitthvnder^ 

Because of the undulatioQ of the air, produced by 
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the deetticLditchaige just mwaikinedl; Sunder Mag 
xoore or leoB inteDse, and of i<»ger or ihorter duratioiiy 
aoootding to the quantity of air acted upon, and the 
distanoe of the place where the raport is heard firon 
the point of the discharge. 

Mr. Bnmde, from whom we quote this exphmation, 
gives a further illustration c^ this idea : — *^ Electrical 
effi^ctB take place in no^ sensible time : it has becoi 
found that a discharge through a circuit of four ttdleB 
IS instantaneous ; but sound mores at.the rate of about 
twelve miles in a minute. Now, supposing the light- 
ning to pass through a space of some miles, the explo- 
sion wul be first heaidlfrom the point of the air 
agitated, nearest to the spectator; it will gradually 
come frpm the more distant parts of the electricityi 
and, last of all, will be heard from the remote extre- 
mity : and the different degrees of the agitation of the 
air, and likewise the difference of the distance, will 
account for the different intensities of the sound, and 
its app€irent reverberations and changes.** 

Sir If. Davy, in his Elements^ says : "In a violent 
tliunder-storm, when the sound instantly succeeds the 
flash, the persons who witness the circumstance are in 
some danger ; when tlie interval Ls a quarter of a mi- 
nute, they are secure." 

Why wrt pointed conductors fixed <i8 sttfegiuxrds to 
buildings ? 

Because the fluid or lightning may be attracted and 
circulated along them, and thus kept from injuring 
the building, tm at length it reaches the earth as a 
common reservoir. 

In these cases, the conducting rod or rods should be 
of copper or iron, and from half to three-fourths of an 
inch in diameter. Its upper end should be elevated 
three or foiu* feet above the highest part of the build* 
ing, and all the metallic parts of the roof should be 
connected with the rod, which ahould be perfectly con- 
tinuous throughout, and passing down the side of the 
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building, penetrate sereral feet below its feiiiiclati<«, 
so BB always to be immersed in a moist stralam of sml, 
or, if possible, into water. The leaden water-pipes 
attached to bouses often might be made to answer the 
purpose of conductors, especially when thick enough 
to resist fusion. — Brande. 

The magniilcent effects of electricity in the thunder* 
storm, were first* experimentaily demonstrated by Dr. 
Franklin, whose whole life was passed in ameliorating 
the condition of his fellow creatures. 

Why is ike Jireside an unsctfe place in a Viunder^ 
HormJ 

Because the carbonaceous matter, or soot, with 
wliich the chimney is lined, acts as a conductor for 
the lightning. 

Why is the middle of an apartrMni Ihe safest place 
dtaing a thunder-storm ? 

Because, should a flash of lightning strike a build- 
ing, or enter at any of the windows, it will take its 
direction along the walls, without injuring the centre 
of the room. 

Why is bed a place of comparatioe sctfety in a thuri- 
dtr-storm ? 

Because blankets and feathers are non-conduct(M9. 
A wooUen rug is likewise a non-conductor,, but it 
should be removed fiom the chimney. Bell wires 
being conductors, are almost always melted in houses 
struck by lightning. 

Why is it dangeroiLS to take shelter under a tree during 
a storm ^ 

Because the tree is a good conductor, probably from 
vegetatiou tending to atmosplieric electricity, and the 
immediate' vicinity of tlie tree being more highly 
electrical, as will be presently sliown, (See page 47.) 

The safest situation without doors, during a storm, 
is within some yards of tree^, and upon the dryest spoi 
that can be selected. 



Because ot the greiiA quantitr of metal, uid perti* 
fndaiiy of iron, wliich is eBopIoyed in the ri§^ff; 
more especiaDy as tlie metallic masses are lliere neaiiy 
iosoiftted^ or conaeeted only by very imperfect con- 
ductors. ^ 

These inferences are drawn from an interestinff ac- 
count of an accident to the packet ship the New York, 
by lightning, in 1837. The piqper is by Dr. Trail, and 
was communicated to the Royal Society by one of its 
most distinffuished fellows^ the present Lord Chancel* 
ior. It will, of Qourse, be found in the PkUomtphical 
JhwModiona of the year, but, perhaps, more reaoily, in 
the Arcana of Science and jii for 18S^. 

ffh^ 19 copper a better material far a etmiwior Hum 
ironf 

Because copper is less liable eidier to fiision or 
conversion. A rod is also, from its continuity, a better 
fevm of conductor than a chain. 

JFhy are there *^retimdng" Hrekea of Kghinmgf 

Because they are due to the restoration of the natural 
etectrie state, after it has be^i disturbed by induction. 
Thus, if a person be brought mto a highly dectric aiid 
negative state by induction, from the approximation of 
a body highly charged po^tively, and then tlie lattar 
be discharged by means having no connexion with the 
negalivelv electrified person, me negative state of the 
latter will be immediately destroyed, and an effect, in 
part analogous to a positive discharge of .electricity, 
will be produced. Some of the most serious accidents 
which occur from lightning are supposed to be pro- 
duced in this way ; not by the mere disturbance of 
electricity in a person only, but of the electricity of 
those bodies with which the person may be in contact, 
and to which he accidentally serves as a conductor 

For an illustrative narrative of a returning stroke of 
li^tning, near Paris, in September, 1896, see a paper 
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traiudated from the JhmaUB de CkAm/t^ in tke Qmat- 
t&ly Jovmal of Science for 1896. 

fFky are viireoue tubes oeeuning in devaUd $andy 
distrUiSj ccMed ** lightmng hAesP* 

Because they have been considered as produced by 
lightning, which melts the sand to a ccmsideFabw 
depth, so as to form A tube, conunonly sinuous, with 
solid and smooth walls internally, and roui^ on the 
outside. In 1828, a young -German naturalist pre- 
sented to his academy some of theite tubes seventeen 
feet in length. It luus been adied how electricity 
could produce effects so intense, and«which have been 
considered so dilSerent from those obtained .frt>m artifi- 
cial electricity ; but this point has been decided by two 
eminent French chemists' success in forming fragments 
of tubes perfectly resembling the natural liyitaing 
tubes, only that their walls were less solid, and their 
length less. 

Hliy have ike gymnotuSj or dedrie ed^cmdihe iorpedoy 
or dedrie ed, a benuw^rm^ effed token iauckedf 
Because of certain singularly constructed organs 

Siven to those remarkable animals for the purposes of 
efeilbe, which certain forms of the Voltaic apparatus 
much resemble ; for they consist of many alternations 
of different substances. These electrical Organs are 
much nlore abundantly supplied with nerves Sian any 
other part of the animal, and the too frequent use of 
them 18 succeeded by debility and death. — PkHosopbi- 
cal Transadums^ 1817. 

Towards the close of his valuable life. Sir H. Davy 
dated from Lubiana, Illyria, (1828) an important paper 
containing a summary of his experimenCB on the tor- 
pedo. It will be found in the Pkilosopkical TroMOC- 
lions of the year. Among the inferences drawn by Sir 
Humphry, is ^ a stronger analogy between cotnmot^ 
and anitnal electricity, than between Voltaic and ani- 
wofl electricity; and a probability that animal elec- 
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tridcy will be found of« disdnctive and peeafiar kind." 
TMs oi>imon„it will be perceived, is at varianee with 
the e3q)]aDation quoted in the- preceding paragraph. 
AgaoDj Sir Humphry observes, **the organ of the 
lorpedo depends for its powers upon the will of the 
animal. John Hunter has shown how copiously it is 
fiimiahed with nerves. In examining the columnar 
structure of the organ of the torpedo, I have never 
been able to discover arrangements of dlfierent con- 
ductors similar to those in galvanic combinations ; and 
it seems not improbable that the shock depends upon 
some property developed by die action of the nerves." 

Why do veeetabUs tend to atmospheric dectneUy ? 

Because of the action of the cnarcoal they contain 
upon the oxygen of the air ; and when it is considered 
that on one hand about fifteen grains of charcoal, in 
becoming carbonic acid, gives out sufficient electricity 
to charge a Leyden jar y and, on the other hand, that 
the charcoal which is contained in vegetables does not 
give out less electricity than charcwd which buma 
freely, one may conclude, as direct experiments tend 
to prove, that over a surface of vegetation, 100 metres 
square, more electricity is produced in a day than is 
necessary to charge the strongest electrical batt^. — 
AL PouSktj in the Amudes de Chimin 

Wk^ is dedricitu ben^icial to plants ? 

Because electrified seeds pass more rapidly through 
the first periods of vegetation, than such as are not 
electrified ; and electrSed roses flower more rapidly 
and abundantly. Plants with pointed leaves and spines 
attract electricity. 

Ftiy is the cuttinf^ down of fortsls fovnd to dimlmsh 
ihejjwmtfyofrainf 

Because it is supposed to diminish the attraction for 
donds. 

Why do leeches die sudderdy at Uie approach qf cr 
duringaiorms^ 



48 KNOWLBOeE FOR THE PEOPLE. 

i g t cau a e of the coagulation of their bloody oaiaiedbgr 
tiMB inqiveflaioQ of the atmoepheric electrici^. 

Why tB iketrieibf considered an important ckcmioal 
agentf 

BecMue it not only produces an iniinlfe Tcoiety of 
changes, but likewise influences almost all whi0h 
:take place. Thus, there are not two sufostances on the 
8ur&ce of the globe that are not in different electrical 
ralations to each other ; aad chemical attraction itself 
•seems to be a peculiar ^m of the exhibition of elec- 
trical' attraction; and wherever the atmosphere, or 
i¥ater, or any part of the surface of the earth gains ac- 
cumulated eleotricity of a difierent kind &om the con- 
tiguous surfaces, the tendency of this electricity is to 
.produce new arrangements of the pans of these 8i<r- 
,&ceB ; thus, a positively electrified cloud, acting even 
lAt a great distance on a moistened stbne, tends to 
■attract its oxygenous or acidiform, or acid ingredients, 
and a negatively electrified cloud has the same effeet 
xipon its earthy alkaline, or metallic matter ; and the 
silsnt and slow, operation of electricity is much move 
inaportant in the economy of nature, than its grand 
aud impressive operation in lightnmg and thunder. 
The chemical agencies of water and air are assisted fay 
those of electricity; and their joint effects, combmed 
with those of gravitation, and certain mechanical ones, 
are sufficient to account; for the results of time. — Sir 
JET. Daoy^a Consolaiioru in Traiod* 

Why are magneHsm and ekdriciiy,^hdch had long 
been stvdied as separate branches ofscieneej now effeetv^ 
aUybUnaedf 

Because all the phenomena of magnetic polity, 
attraction, and repulsion, have at length been resolved 
into one general fact^ that two currents of electricity 
moving in the same direction repel, and in contrairy 
directions attract, each other. — Herschel, 

Hence, the magnetic effects of electricity constitute 
h. new branch of science,' under the title of dectro- 
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MM^nefiffik , The more pofMilar phenomena of maf- 
nedsm, which it will be our object to explain, do nol, 
hoii^ver, belong strictly to chemical inquiry ; we may 
therefore reserve their iihistration for a more fittini^ 
occasion. 

I.IGnT A^D FLAME. 

. fFky may light mid air be said to constitute a partimi 
i(four earth ? 

■Because of their absorption by the earth. Thufli 
the light emitted by burning coals, (which are gena- 
rally adniitted to be of vegetable origin) has undoubt- 
edly been condensed in them by a process of natufe 
which bids defiance to conjecture. — JUr. Detrosier qf 
Manchester, 

Why does afire give out uHtnrdh^ 

Because the heat is radiated; there being but little 
connexion with the immediate cond|icting power of the 
air; thns,if a concave metallic mirror be held opposite 
the fire, a heating and luminous focus will be obtained. 

Why is ice produced in India (as described in 
paffeii)? 

because, chiefly, of the high radiating powers of 
the dry straw which is strewed in the inclosures, con- 
taunng the water in shallow didhes. Calm and serene 
nights are most fiivourable to this operation, and it ia 
necessary that the straw should be dry; for, when 
wetted, the production of cold is prevented ; a circum- 
stance which shows that evaporation is not the cause 
of th^ diminished temperature.- We quote this from 
Brande, aidiough the conclusions do not coincide with 
the opinion quoted from AnwJtt, at page 33. 

Why csre certain rays of the sun termed decompose 

Because they have a tendency to interfere with the 
chemical constitution of bodies. Besides this kind of 
rays, it is ascertained there are two others; the calori- 

PART V. F 
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fie, or heating rays; and the luminous, or colotuiflc 
rays; which produce vision and colour. 

Sir H. Davy has, in some general facts of great 
interest, traced an analogy between the effects of the 
Bun's rays and the agencies of electricity. 

Why are the terms red-hot and tckUe-hot used f 

Because, when bodies are rendered luminous by 
great elevation of temperature, the light which they 
emit oflen appears dependent upon the heat to which 
they are subjected. There are, however, certain 
bodies which, at high temperatures, are remarkable 
for the quantity and extreme brilHancy of their lights 
independent of actual combustion ; this is the case 
with several of the earths, but more especially with 
lime, a small ball of which, about a quarter of an 
inch in diameter, being ignited in the flame of alcohol 
urged by oxygen gas, emits light ; having about thirty- 
sQven times the intensity of an Argand lamp burner. — 
Brande. 

Lieutenant Drummond has proposed to apply this 
principle to the improvement of the illumination of 
light-houses ; by substituting ^ for the Argand burners 
a small ball of lime ignited by the combustion of oxy- 
gen and hydro^n." His experiments are described 
m the Philosophiccd TYansficiionSj 1830, as follows :-^- 

^ From this small ball, only three-eights of an inch 
in diameter, so brilliant a light is emitted, that it 
equals in quantity about thirteen Argand lamps, or 
120 vrax candles ; while, in intensity or intrinsic 
brightness, it cannot be less than 260 times that of an 
Argand lamp. These. remarkable results are deduced 
from a series of experiments made lately at the Trinity 
House ; and, having been repeated with every precau- 
tion, and by different individuals, there seems no reason 
to doubt their aiscuracy. In the best of our revolving . 
lights, such as that of Beachy Head, there are no leas 
than thirty reflectors, teil on each side. If, then, a 
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RDgle reflector, illuminated by a lime boll, be subotitu- 
ted £>r each of these ten, the effect of the three would 
be twenty-six times greater than that of the thirty. 
On account of the smaller diveffgence of the former it 
would be necessary to double 3ieir number, placing 
them in a hexagon instead of a triangle. In this case 
the expense is estimated at nearly the same. This 
method was tried lately at Purfleet in a temporary light- 
house, erected for the purpose of experiments by the 
oorporatioD of the Trinity House, and its superior}^ 
over all the other lights with which it was contra^tedy 
was fully ascertained and acknowledged.'' 

Why art light and heat rvecessary to the exirienct of 
jdantsf 

Because, in the sunshine, vegetables decompose the 
carbonic acid gas of the atmosphere, the carbon of 
which is absorbed and becomes part of their organized 
matter ; and the oxygen, which is the other constituent, 
is thrown ofi^ 

Why do not plarda flourish in the dark 7 

Because no oxygen is then produced by them, ahd 
no carbonic acid absorbed. 

Light exercises a very remarkable influence upon 
the irritability of the sensitive plant. Thus, if a sen- 
sitive plant be placed in complete darkness, by carrying 
it within an opaque vessel, it will entirely lose its irri- 
tability, and. that in a variable 'time, according to a 
certain state of depression or elevation of the surround- 
ing temperature. 

A^ain, Mr. Burnet finds that when a sensitive plant 
has been made to droop, if the part in which the 
moving power resides is blackened so as to absorb the 
light of the sun, the restoration of the plant to its 
natural state is very much longer before it takes place. 
He fdso finds that at the moment the expansion at the 
foot of the leaiiets, or other parts, is touched, to pro- 
duce the motion of tiie plant, it changes colour.— 
PfvUos. Mag, 
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ffkym^eerUiinhodUtsaidtohepliasphortae^ 

Beentifle, when hesied to a certain poinf below in- 
candeBcenee, (an exc^dingly high temperature with- 
out the production of any gasj they become lumioouB, 
without undergoing combustion. Oil^ wax, sperma^ 
ceti, and butter, when nearly boiling, are lurainoua.*— 
Brandt, 

WhyanMiT dosses of pkospkonsceni hodies^ eeiUd 
ititar phosphoric 

Because they become luminous when removed into 
a dark room aner haying been exposed to the sunshine. 
Of this description are Canton's, Baldwin's, and the 
Bolognian phosphorus, the latter named from its dis- 
coyery by tf shoemaker of Bologna. — Brandt, 

Wohler, a German chemist, recommends, as likely 
to giye phospJiorus at a yery cheap rate, to distil, by a 
strong heat, iyory black with half its weight of fine 
sand and charcoal powder. A silicate of lime is 
ibrmed, and the carbonic oxide and phosphorus come 
over. 

Dr. Baclie, of Philadelphia, states, that at the tem- 
perature of sixty degrees Fahrenheit, or upwards, 
carbou in the form of animal charcoal, or lamp-black, 
causes the uiflammation of a stick of phosphorus pow- 
dered witli it ; the effect takes place either in the open 
air, or in a cfose receiver of a moderate size. 

Bodies sponUmtously phosphorescent belong to an- 
other class. Among' tnese are the flesh of s^t-water 
fish just before it putrifies, and decayed wood. The 
fflow-worm and the lantem-fly, certain shell-fish, me- 
dusae^ &c. are also luminous when alive ; and the hun- 
dred^ legged worm, and som^ other worms and insects^ 
shine brilliantly when illuminated. These phenom ena, 
as Well as the phosphorescence of the sea, will, how- 
ever, be explained elsewhere. 

The phosphorescence of fish has already been 
noticed^ and attributed to animalculsB during pvirtfac^ 
Hon; whereas, from the experiments of Canton, and 
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of Dr. Hulme, it appears that '^ sea-fish become lumi- 
nous in abput twelve hours after death, that it increases 
till putrefaction is evident, and that it then decreases.'' 

JFky mayjlame in general be regcarded aa lummoua 
gciseous fruiter f 

Because hydrogen gas, probably, furnishes the purest 
flame which can be exhibited ; for the flames of bodies 
which emit much light, derive that power from solid 
matter which is intensely ignited and diflused through 
them, and which in ordinary flames, as of gas, tallow, 
wax, oil, &c. consists of finely-divided charcoal. — 
Brartde. 

Dr. Ure, speaking of ^ die nature of flame, and of 
the relation between the light and Jieat which compose 
it," says, ''The flame of combustible bodies may, in all 
cases, be considered as the combustion of an explowve 
mirture of inflammable gas or vapour with air. It 
cannot be regarded as a mere combustion at the sur- 
face of contact of the inflammable matter. This fact 
is proved by holding a taper, or a piece of buminff 
phosphorus within a flame made by the combustion of 
alcohol. The flame of the taper, or of the phosphorus, 
will appear in the centre of the other flame, proving 
that there is oxygen even in its interior part. 

ffliy does spirit of \oine sometime burn with vcarious 
coloured flames 7^ 

Because of its admixture with diflerent substances. 
Thus, from borax it acquires a greenish, yellow tint; 
nitre, and the soluble salts of baryta^ cause it to bum 
yeUotOj and those of strontia give it a beautiful rose 
colour ; copper salts impart a npe green. 

Dr. Ure. in his valuable Dictionary of Chemistry^ 
(edit 1830) gives the following recipe for the beautiful 
red fvre now so effectively used to aid stage effect at 
the theatres :— 40 parts diy nitrate of strontia, 13 parts 
finely powdered sulphur, 5 parts chlorate of potaah^ 
(hyper-oxymuriate) and 4 parts sulphuret of antimony. 

f3 
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Powder tbe tivo ktter eeimmelT in a mortur, and th«B 
miz them on paper; uler which add them to Ite 
other ingr^entSt previouelv powdered and mixed. 
No other kind o£ mixture than rubbing together on 
paper is required. Sometimes, a litde re«]gar ia added 
to the Bulpnuret of antimony ; and frequently, when 
the fire bums dim and badly, a yery small cjuantitv of 
finely powdered charcoal, or. lamp-bUick, wiU make it 
perfect 

ffl^ ia to&rking in codl mines sometimes faial to 
miners 9 

Because of the carburetted hydrogen gas, or damp, 
and noxious exhalations, during the working of the 
eoalS) from fissures or cracka in the beds ; when this 
has accumulated so as to form one-thirteenth of the at* 
moephere of the mine, it becomes explosive by a light- 
ad candle or any kind of flame. By miners, this gas 
ia called Jirt-damp, to distinguish it from carbonic acid 
gas, which they call choke-c&mp. 

The late Mr. Spedding, haying observed that the ex- 
idostve damp could onfy be kindled by flame, and was 
not liable to be set on fire by red-hot iron, nor by the 
sparks produced by the colhsion of flint and steel, in- 
vented a machine, m which, while a steel wheel was 
turned round widi very rapid motion, flints were ap- 
plied to it, and by the abundance of fiery sparks emit- 
ted, the miners were enabled to carry on dieir work in 
places where the flame of a lamp or candle would oc- 
oaaion dreadful explosions. 

Whf is the safktf-lamp so ealledf 

Because it consists of a lamp suirounded by a wire- 

Snze, which, by confining me flame fix>m the fire- 
mp^ without intercepting the light, enables the 
nuners to work in safety ; and which, in gratitude ^ 
its illustrious inventor, 9ir H. Davy, is, in mining dia- 
tMiM uJMi the Dmy. 
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Why does the ioire^uze preveni expha^ 

Because the meshes of the gauze are of such a 
size that a flame of the gas attemptmg to pass through' 
It, is so cooled by the heat-absorbing and heat^Gon** 
ducting power of the nietal, as to & extingiHshed ; 
or, in fewer words^ the temperature of the flame is 
so much lowered as to be msufficient to ignite the 
inflammable mixture On the outside. This is shown 
by bringing down a piece of fine brass or iron wire» 
sauze upon the flame of a candle ; or, what answen 
better, upon an inflamed jet of coal gas, it will, as h 
were, cut the flame in haft That the cooled saseoua 
matter passes through, may be shown by again fighting 
it upon the upper surface. 

Mr. Brande further illustrates this principle, by sup- 
posing the flame of a common lamp to be everywhere 
properly surrounded with wire-gauze, and in that state 
mi'mersed in an explosive gaseous mixture, (like the 
flre-<lamp) it will be inadequate to its inflammation ; 
that part only being burned which is wiffiin the cace ; 
communication to the inflammable air without bemg 
prevented by the cooling power of the metallic tissue ; 
so that, by such a lamp, the explosive mixture will be 
consumed, but cannot be exploded. 

The apertures in the gauze should not be more 
than one-twentieth of an inch square ; in the working 
model which Sir Humphry Davy sent to the mines, 
there were 748 apertures in the square inch. 

The above is the explanation of the principle, by, 
and from the reasonings of, the ingenious inventor 
himself. — Some facts -known to Signer G. Libri, of 
Florence, were, howev«*, at variance with this hypo- 
thesis, and he found, upon trial, that when single rods 
were made to approach a flame, the latter was always 
inflected on all sides from the rod, as if repeUed by it ; 
and that this eflfect was independent of the conducting 
power of the rod, whether good or bad. The amount 
cf inflection or repuleoon was. directly as the mass, and 
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invenely as the distance from the flame. It was not 
diminished by increasing the temperature of the rod 
even to such a degree as to render it scarcely poesiltle 
for it to abstract any of the caloric. In fact, when two 
flames are made to approach, each other there is a 
mutual repulsion, although their pro^mity increases 
the temperature, instead of diminishing it. From 
these pnnciples. Signer L. says, the theoi^ of the 
safety lamp is easily deduced. A metallic wire exert- 
ing, according to its diameter and its own nature, a 
constant repmsion upon flame, it is evident that two 
parallel wires so near each other as not to exceed the 
4iat(mce of twice the radius of the sphere of repulsion, 
will not permit a flame to insinuate itself between 
them, unless it be impeUed by a force superior to the 
intensity of repulsion. If to these two wires others be 
added, a tissue is formed impenetrable to flame, espe- 
cially when the conducting power of the wires adds its 
influence to that of the repulsion. He conceives that, 
from the views above stated, the number of cross or 
horizontal wires in Davy's lamps are unnecessarily 
large; and that by rejecting all of these excepting 
a number suflicient to secure the flrmness of the tis- 
sue, the lamp would afford as great a security as at 
present, and, at the same time, diffuse a much greater 
fight — this opinion he has verifled by actual experi- 
ment. 

Again, a Mr. Dillon, an ingenious writer on prac- 
tical science, maintains, in opposition to Sir Humphrey 
Davy, that the Davy lamp acts by its heat and rare- 
ftction, not from the flame being cooled by the wire- 
gauze covering. He shows, by a simple experiment, 
that the Davy lamp is not safe in a current of hydro- 
sen, or carburetted hydrogen gas, which, if steadily 
directed on the flame of the lamp from a bladder and 
stop-cock, by cooling, the unre-gauze, brings the flame 
of tlie lamp through the gauze to the mouth of the 
stop-cock, even should there be six folds of gav*' % 
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iBierveiiing. He shows also, hj immeraiiig like lamp, 
when cold and newly-lightedy into a jar of dense 
hfdxogait or carboretted hydrogen gas, or an e^lo- 
fliVei mixture with atmosjp^eric air, that explosion 
takes place inside and outside of the hmp ; whereas^ 
when the lamp lias burnt sufficiendy long to heat 
the wire-gauze, no explosion takes place on tlie 
outrade of the lamp. Th^se expeziments appear 
incontzoTenible in support of his theory, which is, 
**that the wtre-gawx u merd^ {fu rapid reeewtr and 
Oe rekdner ofneatt and that His Im ecdorie in ttr 
meskes which presents (he Jhme of the kunp from 
iem^ fed &y the oaeygen of ike atmosfhere on iht 
outstdeJ' 

Mr.IHllon increases the heat of the lamp, and places 
on it a shield of tide to. protect it from a current, 
and, upon his theory, the shafls or workings of iron 
and coal mines may be lighted with gas with per^t 
safety, protectinff the flame with wire gauze and a 
circular shieId^of talc* 

The explosions from fire-damp are truly terrific 
Sir H. I^^ says, ^ when this gas has accumulated in 
any part of'^the gallery or chamber of a mine, so as to 
be mixed, in certain proportions, with c<nnmon air, the 
presence of a lighted caudle, or lamp, causes it to ex- 
plode, and to destroy, injure, or bum, whatever is ex- 
posed to its violence. The miners are either imrne* 
diately killed by the explosion, and thrown, with the 
horses and machinery, through the ahafl into the ain 
--the mine becoming, as it were, an enormous piece' ojf 
artillery, from which they are projected — or, they are 
|raduaiiy suffocated^ and undergo a more painful death, 
Srom <the> carbonic acid (choke damp) and nitrogen re- 
maining in the mine afier the explosion of the fire- 
damp ; or what, though it appears the mildest, is per- 
hi^ the most severe rate, — they are burned or maimed^ 
and oflen rendered incapable of labour, or a£ healthy, 
enjoyment, for life." 
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A comparative statement has been made of the hum* 
ber of explooons in coal mines, and the deaths occar 
aioned by them, durinff the ten years which preceded, 
and the ten years which succeeded, the introduction oi 
the Davy-lamp ; from which it appears that 

From 1805 to 1816 there were 9 Explos. 384 Deathai 
1817 1838 - - 19 360 

Ezeen «iiice the introduction of the Davy 10 76 

This excess is .accounted for by the workmen relying 
80 much on ihe D(wv, that, under its protection, they 
now work in places where they would not have former- 
ly ventured to take a light. Inattention to the state 
of the lamps doubdess contributes to the ktmentable 
total 

Mr. Brande judiciously observes, that as their safety 
''entirely depends upon the perfect state of the wire- 
gauze, imd upon the nourexistence of any aperture or 
channel sufficiendy large to admit of the passage of 
flame, they should, wh^i in use in a coal mine, be in- 
spected daily, to ensure their soundness in these res- 
pects. In gas-manufactories, spirit-warehouses, and 
in all cases where inflammable vapours or gases are 
likely to be generated, as in the examination of foul 
sewers and drains, it is obvious that these lamps arQ 
importandy applicable." 

Why dofremtrif by the protection o/MdinPs ineamhus^ 
able doih cmdwire-gauze^ remain Jw two or three minutes 
completely enveloped inflames^ unthotU injury 9 

Because, perilous as their situation may appear, they 
are supplied in some way with pure air. M . Gay £ua- 
sac observes, that when a furnace is heated so as to 
flame and smoke, the air within is entirely deprived of 
oxygen ; and therefore it is certain, that if the imme- 
diate action of the flames were guarded off by the wire- 
gauze, still it would be impossible to sustain respiration 
m the midst of them. There are several ways of ae- 
oounting for the requisite supply of air; and one which 
M. Gay Lussac suggests appears the most probable : 
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Tiz. that the men axe supplied br a cuirent. of fheah 
air from the space between the two garments. Besi,de8 
thisy we . cannot suppose that their heads are con- 
stantly enveloped in die flames, and they, of course, 
find favourable moments for breathing; again, the 
power of suspending the breath is ajso an excellent 
resource, which every fireman ought by practice to ac- 
quire. The fireman has another difficulty to contend 
with, in the dense volumes of smoke, which prevent his 
breathing, blind his sight, and consequently retard his 
exertions. To obviate this, it has been proposed to 
ftimisli a supply of air from a portable reservoir ; oi; 
by means of a flexible mbe, rising from the feet to the 
mouth, through which the fresh air would naturally 
rise, as the heated air escaped above. — Phil* Mag, 1630. 

Why does ambxloUy or German Hiider^ readUy ir^kme 
Jromjiint and sted, or from the svdden condensation qf 
air 7 

Because it consists of a vegetable substance found 
on old trees, boiled in water to extract its soluble parts, 
then dried and beat with a mallet, to loosen its tex- 
ture ; and lastly, impregnated with a solution of nitre. 
— Ure. 

Why ia a piece of paper lighted, by hMine U in ike 
air which rushes out of a comtnon lamp^gUtssf 

Because of the high temperature of the current of 
air above the flame, the condensation of which is by 
the chimney of the glass. 

Why dots heated platinum toire, if placed round the 
tffick of a spirit-lamp, continue to give light and heatf 
ihough vnthmt flame f 

Because of the vapour of the spirit ; die heat never 
becoming sufficiently intense to produce its inflamma- 
tion. This discovery, by Davy, ultimately gave rise 
to the formation of a lamp, which, containing alcohol, 
and prepared at the place of the wick with a piece of . 
apongy platinum, or, as Dobereiner calls it, sub-oxide 
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of pktiDuin, or some other form of that meml, gnH 
dually converted the whole of the alcohol into aoetie 
acid. 

The lamp in this form has heen used for a night- 
lamp : it gives light enough to see tl^e time by a watch 
held close to it ; and if more light be required, a piece 
of amadou may be carefully inflamed at it, and thea 
a light procured in the usual way. Mn Batka proposes 
to use £au de Cologne in place of common spirit of 
wine, and finds, that then the fragrance dimised m 
very grateful ; being, in fact, occasioned by the actual 
formation of aromatic vinegar, during the whole time 
the lamp bums. 

COMBUSTION. 

Why are certain bodies combugtibU ? 

Because of an intense chemical action whicn taRes 
place in them, and is connected with their electrical 
energies ; ^ for, all bodies which powerfully act upon 
each other, are in the opposite electrical states of posi* 
tive and negative ; and the disengagement of heat and 
light, (which characterizes combustion) may depend 
upon the annihilation of those opposite states which 
happens whenever they combine.*' — Brande. 

Sir H. Davy has asserted, " that in any case com- 
bustion is merely the appearance produced, when sub- 
stances, which have perhaps sdU stronger attraction 
for each other than quick-lime and water, are com- 
bining chemically, so as to become heated, at least, to 
the ctegree of incandescenee. During the ph^ionie- 
non, there is not, as was formerly supposed, something 
altogether consumed and destroyed, or somethhig ca£ 
ed piogision escaping ; ^e substances concern^ are 
but assuming a new j&rm and arranffement. 

Of the substances called combustu>le, there are only 
a few which will begin to unite or bum at the common 
temperature of oulr ^obe, the others requiring to be at 
some higher and peculiar temperature. Thus, pho»- 
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plioras begkiB to bum at 15Q% sulphur at 550*, diar- 
€OoI at 750% hydrogen at 800*^ ; it appearing, that up to 
these temperatures, the attraction of the atoms among 
themselves is sufficient to resist the other attraction, or 
that of o^gen. But when the combustion once begms, 
the temperature^ fi*om the effect of the combustion it- 
self rises instantly, much bevraid the degree necessary 
for the commencement of the process. Oxygest and 
hydrogen, which begin to bum or comlnne at 800**, 
produce a flame of as intense heat as human art can 
excite. — ^^brnoU, 

Why art cikar bodUa, as a starUy or briekj termed tn^ 
comkuatibUf 

Because, when hWed, they undergo no change ex- 
cept an augmentation of temperature, and when leift 
to themselves, they soon cool again, and become as at 
first. JBut, with combustible bodies, the case is very 
different. When . heated to a certain degree in ths 
open air, they suddenly become much hotter of them- 
Wves, and continue for a considerable time intensely 
hot, sending out a copious stream of coloric and llgik 
to the surrounding bodies. This emission, after a cer- 
tain period, begins to diminish, and at hust ceases al- 
tctgether. The combustible boidy has now undergone 
a complete change, — ^it is conveiled into a substence 
possessing very different properties, and no longer ca- 
pable of combustion. — Thomson, 

Agam, of substances burning in air, those which 
are originally aeriform, as coal |;a8, or wiiich, on being 
heated are va^urised cr rendered aeriform, before 
their union with the. oxygen of the atmosphere takes 
place, as oil or wax, assutne the appearance of flame; 
viz. the aeriform partieles usually invisible, arer tais;- 
ed to the incandescent temperature; but when the 
substance combining with the oxygen remains sdid, 
while its jparticles are gradually fifted away by tho 
oxygen actmg only at the sur&ce of their mass,'it ap- 
pears during the whole thne only as a red-hot stotM^ 

FART V. • 
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TJbe latter is the case of. charcoal, coke, Welch stone, 
coal, &c. while ia the case of wood, common coal, &^c 
a greater or less portion of the inflammable thatter, Is, 
|>y the heat of the combustion, converted into A^apour, 
and produces the beautiful appearance of flame. 

Men, now grown familiar with prodigies, have Al- 
most ceased to be moved by them ; but few persoiu 
can resist a feeling of wonder and admiration when 
chemistry, in its progress of discovery, every now and 
then calls forth the hidden spirit of combustion in 
some new or less familiar guisfe ; — for instance, when 
a piece of iron wire, lighted as a taper in oxygen 
gas, burns with such resplendent brilliancy ; or, when 
phosphorus, similariy placed, throws around its .over- 
powering flood of flame ; or, when small portions of 
the metal called potassium, being cast upon the sur- 
•fyce of water, become as beads of most intense light, 
running about there, and crossing as in a merry dance ; 
— or, lastly, when flames produced from particular 
fiubstances are seen rising deep-tinged with most vivid 
and beautiful colours.— .^mo^f. 

Hliy does a commonjire sinokt ? ^ 

Because of the vapour of the water from the mois- 
ture of the fuel ; and the carburetted hydrogen and 
bituminous substances, formed during combustion by 
the union of the hydrogen of the combustible witn 
the oxygen of the atmosphere. 

Why does a draught support afire i 

Because it flows towards the fire-place, to occupy 
the vacancy left by the air that has undergone decom* 
position, and which, in its turn, becomes decomposed 
also. Henee^^supply-of caloric is furnished without 
intermission, till the whole of the •combustible is satu- 
rated with oxygen. — Parkes. 

^ Why do not coals, wood, Sfc. being confbustibles, take 
fire on exposure to the air 9 

Because all such bodies require to have a certain 
preparatory temjierature before beginning to combing 
with the oxygen of the atmosphere. 
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Why is heai produced hy cotiAusHonf 

Because of the decomposition of the oxygen gas 
«ff the atmosphere ; for, as the oxygen combines with 
the combustible body, it disengages the caloric "V^ch 
is held Yvhen in the state of a gaseous substance. Or, 
to speak with more precision, the act of combustion 
efiirots a real analysis of atmospheric air ; for while 
the oxygen combines with the combustible, the calorie, 
in the rorm of sensible heat, is thrown off in every, 
direction. — Parkes, 

Why do lamps with many wicks, placed near each 
Mtr, give miick more light than the same number of 
wicks wqidd, ifpUtced in separate lamps ? 

Because the tight given put by a combustible body 
is in proportion to the elevation of temperature ; ana 
in this case the many wicks communicate hefit to each 
other. 

Why is oxygen apotoerfid supporter of combustion^ 

Because it is more abundantly diffused throughout 
nature than any of the other elementary bodies; it 
forms eight-ninths of the weight of water, about one- 
fifUi of the weight of the atmosphere, and a relative 
proportion of the earthy and mineral bodies which 
form the solid matter of the globe. Hence, it is pre- 
sent everywhere, and ready to unite itself with any 
matter exposed to it at the necessary temperature. 

Why is oxygen gas called vital air % 
. Because it is a powerful supporter of respiration. 
Thus, a small animal confined in oxygen gas, lives 
thrice as long as when confined in the same bulk of 
common air; but we are not thence to conclude that 
it is fit for the support of life ; on the contrary, an ani- 
mal made to breathe oxygen for any length of time, 
fells a sacrifice to excess of arterial action ; and after 
death, the blood in the veins is found as florid as that 
in the arteries. — Brande. 

o2 
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JFhv 19 it considered Ihat oxffgen unHea wdft the 
huiiiuhodffn^ikeaetofburmng9 ^ 

Because, if a substance be burnt in a sufficient 
Quantity of osrgen gas, in a close vessel,' and the prO' 
auet preserved, the >^hole will be found to be increas- 
ed in weiffht exactly in proportion to the oxygen gas 
eonsume<^ and the combustible body wiU then have 
become incombustible.-*-Parto. 

Fourcroy observes, ^ this view of combufltion antho- 
rises us to divide almost all the productions of nature 
into two grand classes; one of combustible bodies, 
the other of bodies already frumt ; in the masses and 
action of the former we discern the causes of inflan^* 
nwble meteors, the perpetual alteration of the sur&ce 
of the earth, volcanoes, &c. In the existence of the 
Utter we perceive the source of the number and diyer- 
sily of aclde, saline compounds, oxides, and metallic 
salts, which vary in a thousand ways the appearance 
of ores, &.c.^', 

Why is not a ffoblet, when pushed into water witk fht 
movlh downwards, fUed with water ? 

Because the air in the goblet resists the entrance 
of the water ; and, if the goblet be inverted over a 
floating lighted taper, tliis will continue to float under 
it, and to bmn in the contained air, however deep in 
the water it be carried, exliibitlng the curious phe-^ 
nomenon of a light below water, and itself an emblem 
of the living inmate of a diving bell, w^ch is merely, 
a larger gdblet, with a man instead of a candle.~7 
Amatt, 

Why is the name fuel given only to the svbstances 
which combine with oxygen^ and, not to (he oxygen .tlf- 

Because, probably, the former being solid or liquid, 
and therefore more obvious to sense, were known as 
producers of combustion long before the existence of 
the aeriform ingredient was even suspected. — Amott, 
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Why does a candle or lamp smoke f 

Because the heat product by it is not suffieient lo 
efiect the total combustion of the carbon, which risea 
in its flame.— v^motf. 

SPONTANEOUS COMBUSTION. 

Why are hvjwan bodies sometimes destroyed by spon- 
taneous combustion ? 

Because of a new arrangement of the muscles, ten- 
dons, viscera, &c. ; or new products originating from 
their degeneration. 

Numerous instances of this ^nortal catastrophe are 
recorded. M. Julia de Fontenelle, in a paper lately 
read to the Academy of Sciences at Paris, describes 
fifteen cases,.fcom the details of which the following 
general results are obtained : — 

1. Generally those who have died by ispontaneous 
combustion, have indulged in excess of spirituous 
liquors. 2. The combustion is almost always general, 
but in. some cases it may be partial. 3. It is rare 
amongst men; and the wpmen have in almost every 
case been aged. 4. The body and the viscera hare 
always been burnt, whilst the feet, hands, and crown 
of the head have almost always been saved. 5. Al- 
though it is known by experience that a very lar^ 
quantity of wood is requisite to burn a corpse, this 
particular kind of incineration occurs without inflam- 
ing the most combustible substances of an ordinary 
kind near it. 6. It has not been shown, in any case, 
that the presei\ce of fire is necessary to commence 
this kind of combustion. 7. Water, instead of extin- 
guishing the flame, appears to give it more activity ; 
and when the flame has disappeared, the combustion 
proceeds within. 8. They occur more ftequentiy ig. 
winter than in summer. 9. The cure of general com- 
bustions has never been eflected ; 'bu% sometimes that 
of partial ones. 10. Those seized with combustion 
experience a sensation of strong inlemal heat. 11. It 

B 3 
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m suddenly dereloped, «nd conBumes the body ia a 
tfw hours, 13. Those parts not reached by the fire, 
■re affeoted by gangrene.. 13. A putrid degeneration 
ensues, which causes gangi^ne. 14. The residue of 
this combustion is composed of greasy cinders, and au 
unctuous matter. 

Professor Jameson observes, in substance, upon this 
interesting question : ** we are. of opinion that^ in some 
subjects, and chiefly in Women, there exists a general 
condition of the body, which, conjoinecl with the ex*, 
treme debiMty occasioned by age, a life of Utde acti- 
vity, and the abuse of spirituous liquors, may give rise 
to a spontaneous combustion. But we are rar from 
consnderiiig as the material cause of this combustion, 
either alcohol, or hydrogen, or a superabimdance of 
fiit If alcohol plays a prominent part in this com> 
bustion, it is by contributing to it9 production: that 
is to say, it produces, along with the other causes men- 
tioned, the degeneration of ^hich we have spoken, 
which ^ves rise to new products of a highly com- 
bustible nature, the. reaction of which determines the 
combustion of the body." 

A curious case of the combustion of both hands onlv, 
in which the patient recovered, is related it^ the Med^ 
ad Jovnud, ISQO. 

CHARCOAL. 

Why do various tooods afford different quantities of 
charcoal 9 

Because of their different durability ; those most 
abundant in charcoal and earthy matter are the most 
permanent ; while those that contain the largest por- 
tion of the gaseous elements are the most perishable. 
Among British trees^ the chestnut and oak are the 
most peiTnanent, and tlie chestnut affords rather more 
charcoal tlian the oak. 

The beams of the theatre at Herculaneum were 
eonvexted into char<iocJ by the lava which overflowed 
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thai city ; and during the lapse of seventeen hundred 
years toe. charcoal has reinained as entire as if it had 
been formed but yesterday ; and it will prolMd)ly con- 
tinue so to the end of the world. The incorruptibility 
of charcoal was known in the most ancient times : the 
famous temple at EphesuB was built upon wooden 
piles, which have been charred on the outside, to pre- 
serve theno. — WatsovCs Chhnical Ifssays, 

A new process for manufacturing charcoal, is to fill 
all the interstices in the heap of wood to be charred, 
with powdered charcoal ; the product is equal in qual- 
ity. The e^ct is produced oy preventing much of 
the access of air which occurs in the ordinanr method. 
The volume of charcoal is increased a tenth, and its 
weight a tenxh,^BvU^Hn Universdy 1830. 

Professor SiUunan, in his Journal, (1890) savs, that 
in the United States, wood is charred in brick-kilns, 
with openings at the top and ades, under regulation ; 
and the chaScoal thus obtained is ezceedinpy good, 
and more abundant than by tiie old mode of burning. 

Wood has also been charred at low tempe^ivea 
Thus, on making extracts, in wooden vessels, with 
steam of very moderate pressure, all the apparent 
effects of burning ma^ be produced ; but the ciurboni- 
zation of the wood is not so complete as by flame. 
This &ct is practically illustrated in the PkUosopkical 
Magazine, 1830. 

The application of charcoal to vai^ous piirposes of 
dome^c economy has been already noticed in Part i 
of the present workl*. 

fVh/ does kefded charcoal product conJbustion f 

Because the mutual cohesion of its particles is so 

weakened, that is, the particles are so repelled and 

separated from each other, that their attraction for the 

oxygen in the air around is allowed to operate, and 

* Sm Somatic Boikhck, p. 6. 
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they combine with that oxygen, so ds to produce ^e 
aboye phenomenon. 

Why does charcoal inerecuie in weight on exposvre to 
the air ctfler burning ? 

Because it is a very hygrometric substance, and 
therefore absorbs air and moisture in considerable 
quantity.— BmrMife. 

ffhy do amJUyra at sea thrdto pieces of burnt biscuit in 
bad water ? 

Because it serves as charcoal in destroying the 
putrid flavour of the water, and rendering it compa- 
ratively fresh. 

Why does fresh charted wooij or charcoal^ improve 
the flavour of spirits ? 

Because it desti'oys the essential oil, or empyreu- 
matic flavour which the spirit may have contracted in 
distillation, 

GUNPOWDER. 

Why do mixed hitre^ sulphur,, and charcoal, or gun- 
powder, explode with heat; whereas, while cold, they 
may be mixed together most iTdimatdy withoitt any 
changed 

Beciause, by the change of temperature, and the 
consequently altered relative attractions of the differ- 
ent substances, a new chemical arrangement of them 
takes place with the intense combustion and expansion 
which constitute the explosion. 

The proportions of the ingredients of gunpowder 

vary. The following are those usually employed— . 

Common Shooting Shooting Miners 

Powder. Powder. Powder. Powder." 

Saltpetre 75.0 78 76 . 65 ' 

Charcoal 12.5 12 15 . 15 

Sulphur 12.5 10 9 20 

The latter contains the stnallest quantity of saltpetre, 
as it requires less quickness or strength. The ingre- 
dients are perfectly mixed, moistened, beaten into a 
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cake, which is aflerwxi^ brok«i up, .granulated, 
dried, and for the finest powder, polished by attrition. 
— JBrwndt* 

Why 18 iron exttudedfrom pwoder works f 
Because it is liable to cause sparks by a blow. Brafii 
and copper have been recommended in its place ; out 
Col. Aubert has remarked that brass can inname pow- 
der, and has made e^meriments on the subject before 
a committee, the result of which is as feUows : — ^In- 
flammation of the powder takes place when the blow 
is given by kon against iron ; iron against brass ; brass 
against brass : iron against marble ; lead asainst lead, 
or against wood, when the blow is. produced by a 
leaden ball shot fit)m a fire-arm. A^ yet, powder has 
not been inflamed by the blow of an iron hammer 
against lead or wood. — BvUeHn Univcrsd. 

Why is stectm likdy to supersede gunpowder in the 
discharge of artiUery 7 

Because the elastic, force of high-pressure steam 
having much greater range than mat of gunpowder, 
is in&iitely better calculated for projectiles, indepen- 
dently of any saving of expense. It is estimated by 
Mr. Perkins, that the projectile force of steam is ten 
times greater than that of gunpowder, in throwing a 
bell to a given distance. 

Why do *^Prometheans^ suddesdy ia}ftame on pres^ 
suref 

JEleeause they consist of small glass bulbs, filled with 
ooncentnited sulphuric acid, hermetically sealed, and 
surrounded with a mixture of inflammable materiai& 
amongst which the chlorate of potash forms one ; and 
the whole being asain inclosed or surrounded with 
piaper, also r^dered still more inflammable by means 
of resinoiis matters. Upon pLuching the end contain- 
ing the glass bulb, between the jaws of a pair of plien^ 
the bulb breaks, and the sulphuric acid instantly kiuT 
dies the suqx>unding materials. 
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VOLCANIC FIRE. 

Why care volcanoes produced f 

Because, according to the most recently observed 
phenomena, they ^'depend upon the oxidation of the 
metals of the earths upon an extensive scale, in im- 
mense subterranean cavities, to which water or atmos- 
pheric air may occasionally have access. The sub- 
terranean thunder heard at great distances under 
Vesuvius, prior to an ^ eruption, indicates the vast 
extent of these cavities ; and the existence of a sub- 
terranean commmiicatioh between the Solfatarra and 
Vesuvius, is established by the fact tliat whenever the 
latter is in an active state, the former is comparatively 
tranquil. In confirmation of these views, the author 
reniarks, that almost all the volcanoes of considerable 
magnitude in the old world, are in the vicinity of the 
sea ; and in those where the sea is more distant, as in 
the volcanoes of South America, the water may be 
supplied from great subteiTanean lakes ; for Humboldt 
states th^t some of them throw upt^uantities of fish." 

The phenomena observed by the author afford a 
sufficient re^tation of a-U the ancient hypotheses, in 
which volcanic fires were ascribed to such chemical 
causes as the combustion of mineral coal, or the ac- 
tion of sulphur upon iron ; and are perfectly consistent. 
The author acknowledges, however, that die hypotiie- 
sis of the nucleus of the globe being composed of 
matter liquified by heat, offers a still more simple 
solution of the phenomena of volcanic fires. — Sir IL 
Davy, PkUo9opkic(d Jk^ansactions. 

On these phenomena. Baron Humbotdt says, ** Ob- 
servations made in all countries, in mines* and caves, 
prove that, even at a small depth, the earth's heat is 
much superior to the tem]>erature of the surrounding 
atmosphere. A fact so remarkable, and elicited from 
observations made in itoost every part of the globe. 
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connectB itself with what we leam of the phenomena 
of volcanoes. La Place has even attempted to deter- 
mine the depth at which the earth may be conMdeied 
as a melted mass. Whatever doubts may be enter- 
tained, notwithstanding the respect due to so great a 
name, as to the numerical accuracy of such a calcu- 
lation, it is not the less probable^ that all volcanic phe- 
nomena arise . from a single cause, which is the com- 
munication constant or interrupted, that exists between 
the interior of pur planet and the external atmosphere. 
Elastic vapours, by their pressure, raise through deep 
crevices the substances which are in a state of fusion^ 
and which are oxidized. Volcanoes are, so to speak, 
entermittent sprinsis of earthy matters. The fluid mix- 
tures- of metals, alkalies and earths, which coudenaa 
into currents of lava, flow gently and slowly, when, on 
being raised up, they once find an issue. 

Why dots water appear necessary to prodiict wdcamiQ 
Jiref 

Because the most active volcanoes are in the imme- 
diate vicinity of the sea ; some are actually beneath 
the sea ; and only extinet volcanoes are found far in- 
land. 

Why care earOtquakea and volcanoes supposed tohei^f 
(he same origin f 

Because of the frequency of earthquakes in volcanic 
countries.; and when they occur in non-volcanic coun- 
tries, remote fi*om volcanic fires, or their occurrence, 
the coincidence of distant volcanic eruptions. It is 
a remarkable circumstance, also, that the shocks of 
earthquakes are most severe in non-volcanic cx>untric8, 
such as Lisbon and the Caraccas. — ^otes in Science, 

Why do hot springs occur in the very vicinUy of c/l 
active volcanoes ? 

Because, probably, ^uch waters owe their tempera- 
ture to their paasa^ through channels heated by vol- 
canic fire. — Berzeltus. 
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Why do volcandee throw ovJtpumce sUftuf 

Because the light-coloured, or whitish porovn kvas, 

becoming fit»t>u8, pom into the above fight apongy 

fltone. 

fFhy ia pufMce stone someHmes seen Jloating on (he 
seaf 

fiecaose it is produced by submarine volcanoes, that 
break out at such vast depths under the ocean, that 
none of their products reach the sur&ce, except such 
as are lighter than water. Pumice has been seen 
floating upon the sea over a space of three hundred 
miles, at a great distance from any volcano. 

Why is pvszoUmo ustdfw ImUding in water f 
Because, when mixed with lim^ it speedily. £xfi0 
itself, and the water does not soften it, for it becomes 
continually harder and harder. The time found abun« 
dantly at Dorkine, in Surrey, has a similar property 
of hardening un&r water. 
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THS DIAMOHD. 

fThy 13 carbon knoum by iJie names of diamond and 
charcoal f 

Because the two latter substances, although so dif> 
ierent, and ahnost opposite, in physical characters, are, 
according to unexceptionable experiments, almost che- 
mically the same. 

That diamond is simple carbon, is shown by the 
following experiment. M. Morreau exposed a dia- 
mond to intense heat, shut up in a small cavity in a 
piece of tough iron. When he opened the cavity, he 
found the diamond ent^ly gone, and the iron around 
it converted into steel. This shows that it is pure car- 
bon, which combines with iron to form steel,, and not 
charcoal, which is generally an oxide of carbon. The 
peculiar hardness of steel is to be ascribed to its union 
with a portion of pure carbon, or diamond. It is no 
uncommon thing for jewellers to expose such diamonds 
as are foul, to a strong heat, imbedded in charcoal, to 
render them clear ; but, in this process, great care is 
taken to have a sufficient quantity of charcoal, to ex- 
clude the atmospheric air : otherwise, the int^ose heat 
would produce combustion.^^PorA^eJi 

Ha 
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Why is charcoal more tr^ammabU than t/^ dunnond^ 
Because of the looseness of its texture, and the 
hydrogen it contains. The latter is indeed the only 
cnemical difference perceptible between diamond and 
the purest charcoal : but Dr. Ure asks, ^ can a quan- 
tity of ah element, (hydroffen) less, in some cases, than 
l-50,000th pait df the weight ef th^ tfubstaface, occa^ 
aion so great a difference in physical and chemical 
characters?" In the PhUoaopkical TVanscuUons for 
1797, is related Mr. Smilhson Tennant's process for 
provizig the iden^ty ,of these two substances: he say& 
^ It win appear, from experiments, that the diamond 
consists entirely of charcoal, differing from the usual 
state of that substance only by its crystallized fbrm)"^ 
and Dr. Ure thinks this opiaioB to be correct. 
. The identity of charcoal and diamoQd i9 further. U- 
lustrated in tlie following experiment. Sir Huipphry 
Bavy exposed charcoal to intense ignition, in vaeuo^ 
and ill condensed ^ote, by means of Mr. Children's 
niagnificent battery, when it slowly volatilized, and 
gave out a little hydrogen. The remaining'was always- 
much harder tlian before, and in one case, so hard as 
to scratch glass, while its lustre was increased. Tlua 
fine experiment may be regarded as a near approach 
to the prodtLction of diamond ;. and we believe that sim^ 
ilar experiments of French chemists, have been equally 
successful. 

Why did J^twlon infer thai the dimnimd uma itffiam^ 
mabk^ 

Because of the circumstance, that inflammable sab* 
stances refi^act light in a greater r^jtio than that of their 
densities. We readily acquiesce in Mr. Parkes's note : 
'* It is wonderful that Ne\^on, who had no chenucal 
means of examining the diamond, should haye con- 
ceived the idea of its inflammaUe nature." 

It is not evident to whom the combustibility of th» 
diamond first occurred; but, in the year 1694^ tkt$ 
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'Florentine Academicians prored Its destructibility by 
heat, by means of a burning lens. The products of its 
combustion were first examined by lAvoisier, in 1772^ 
and subsequently, with more precision, by Guyton 
Morveau, in 1785. Mr. Tehnant's experiments, just 
referred to, demonstrated the important fact, that when 
equal wei^ts of diamond and pure charcoal were sub- 
mitted to the action of red-hot nitre, the results, in both 
cases, were the same ; and, in 1807, the combustion of 
the diamond in pure oxygen, was found by Messrs. 
Allen and Pepys, to be attended with precisely the 
same results as the combustion of pure charcoal. HencCy 
observes Brande, the inevitable inference, that charcoal 
and the diamond are similar substances in their che- 
mical nature, difFerinff only in mechanical texture. 

The combustion of the diamond may be most con- 
veniently and perfectly effected, by placing it upon a 
platinum capsule, in a jar of pure oxygen, inverted 
over mercury, and throwmg upon it the rocus of a burn- 
ing lens. Sir Humphry Davy, when at Florence, in 
1814, (PhU, Trans,) used for this purpose the same 
lens which was employed in the first trials on the action 
of solar heat on the diamond, instituted by Cosmo III, 
Grand Duke of Tuscany ; he found, that when strongly 
isnited by the lens in a thin capsule of platinum, per- 
rorated with many orifices, so as to admit a fi^e circu- 
lation of air, the diamond continued to bum in the 
oxygen, after being withdrawn fi^m the focus, with so 
bnlliant a li^ht as to be visible in the brightest sun- 
shine, and with very intense heaL The results of these 
experiments demonstrate, that diamond affords no 
other substance by its combustion than pure carbonic 
acid gas ; and that the process is merely a solution of 
diamond in oxygen, without any change in the volume 
of the gas. It likewise appears, that, m the combus- 
tion of the different kinds of charcoal, water is pro- 
duced ; and that, fit>m the diminution of the volume 
of the oxygen, there is every reason to believe, that the 

h3 * 



78 KlfOWLKDOE FOR THE FEOPLB. 

water. is formed by the comlMistion of the hydrogen 
existiog in strongly ignited charcoal. 

Why is purt carbon^ or diamond, so scarce, while %U 
compounds, in different states^ are so abundantly dis^^ 
persed f 

Because, (observes an eminent chemist*) "the won- 
der consists only in the opposition between facts and 
onr opinions; it disappears m proportion as we discover 
and appropriate the powers of nature to produce the 
same effects. To dispel the astonishment of those who 
might consider this a ground of distrust, I shall remind 
them that aluminous earth is likewise one of the com- 
monest substances, though the adamantine spar, no 
lees rare than the diamond, is neverthigless alumina ; 
that iron exists every where, under every form, except 
in the state of purity ; and that the existence of native 
iron is still doubtful.^' Since the preceding observations 
were written, native iron is stated to have been found 
in Canaan, in the United States of America. 

Diamonds are usually found in an ochreous, yellow 
earth, under rocks of grit-stone ; they are likewise found 
detached, in torrents, which have carried them fix>n) 
their beds. They have no brilliancy when dug out of 
the earth, but are covered with an earthy crust. The 
diamond was first discovered in Asia, in the provinces 
of Golconda and Visapour, in Bengal, and in the island 
of Borneo. About the year 1720, diamonds were first 
found in Brazil ; and a minute account of their dis- 
covery will be found in a volume of travels in that 
country, by the late Mr. Mawe, one of the most distin- 
guished mineralogists of his time. • 

The primitive form of the diamond is the regular 
octoedron, each triangular &cet of which is sometimes 
replaced by six secondary triangles, bounded by curved 
lines ; so that the crystal becomes spheroidal, and pre- 
sents forty-eiffht facets. Diamonds with twelve and 
twenty-four tacets, are not uncommon. 

* * Dr. John ThonuKm, notes om Fntreroy. 
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Whf was it suppdsed ihatike diamond mig^ eonktm 
oamen^ 

Becaaae of its high refractire power. Such was 
the idea of MM. Biot and Arrago. According to 
Biot, if the elements of which a substance is composedf 
be known, their {Nroportions may be calculated with 
the greatest accuracy, from their refractire powers. 
Thus, he finds that the diamond cannot be pure car- 
bon, but requires, at least, one-fourth of hydrogen, 
which has the greatest refractive power of any suh- 
stance, to make its refraction commensurate to its den- 
sity. Sir Humphry Davy, froln the action of potassium 
on it, and its non-conduction of electricity, suggested, 
in his third Bakerian lecture, that a minute portion of 
oxygen might exist in it ; and he threw out the idea, 
that it might be the carbonaceous prindple, combined 
with some new, light, and subde element, of the oxy- 
genous and chlorine class. — C7re. 

Why has the diamond so great lustre f 
Because it reflects all the light fiiUing on its poste- 
rior sur&ce at an angle of incidence greater than 
24'' 13'. Artificial gems reflect half of ttus light 

The base of all artificial stones is a paste composed 
of silex, potash, borax, oxide of lead, and sometimes 
arsenic. The best silex is obtained firom rock crystal, 
and the next best from white sand, or flint 

fFhy are diamonds used/or the lenses of microscopes f 
Because they show us the real object, without any 
sensible aberration, like that produced by glass lenses. 
This arises fix>m the enormous reflective power pos- 
sessed by the diamond, and the consequent mcrease of 
amplification, widi very shallow curves. Again, the 
refiiiction of diamond is nearly three times that of 
fflass ; hence, in equal refinctions, its dispersion will 
be only one-third of the latter. 
We have elsewhere* noticed the cutting properties 

' — -^ i— 
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of the diamond Dr. Wolkston, in the Pfdlosofkieal 
Transactional has clearly shown that it is only in the 
natural state that diamond can be depended upon to 
cut or divide panes of glass ; and even then, a partic-,. 
ular crystallization is absolutely necessary. The dia- 
mond has also been employed in ornamenting steeL 
Thus, Mr. John Barton, of the Royal Mint, has pro- 
duced the most beautiful display of prismatic colours, 
by divisions, 2000 in an inch, the lines being made 
with a natural diamond. It would be impo^ible to 
convey the smallest idea of the exquisite beauty and 
play of colours that are produced by these means. 

Why ia the sapphire used for the lenses of micro- 
scopes ? 

Aecause, afler the diamond, it possesses a stronger 
refraction than any other substahce, capaUe of giving 
a single im^ge, while its dispersive power is very low. 
The faint blue tinge of the sapphire is no^ felt in thin 
fflnall lenses formed of this substance, which thus comes 
next in order to diamond ones, and forms an excellent 
substitute for the use of those persons unable to atford 
the expense of the latter. 

Why is the value of a ImUiant-cut diaHnMmd esteemed 
equal to that of a similar rough diamond of twice the 
weight, excliurve of the cost of workmanship f 

Because, by cutting and polishing, but especially 
by the former, so much is taken away, that the weight 
of the polished gem. does not exceed half that of the 
rough stone. The art of cutting and polishing dia- 
monds, - though probably of remote antiquity in Asia, 
was first introduced into Europe by Louis Berghen, of 
Bruges, who accidentally discovered, that, by rubbing 
two diamonds together, a new facet was produced. 

The weight, and therefore, the value, of diamonds, 
is estimated in carats, 150 of which are about equal to 
1 oz. troy, or 480 gr^. They are divided into halves, 
quarters, or carat grains, eighth, sixteenth,' «» * lirty- 
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second parts. The Afference of value between one 

cBamond and another, is, generally speaking, as the 

squares of their respective weights : thbs, the value of 

three diamonds, of one, two, and three carats' weight, 

respectively, is as one, four, and nine« The average 

price of rough diamonds is estimated at 5U. per carat ; 

and consequently, when wrought, the cost of die first 

caiat, exclusive of workmanship, vnll be 91^ which lil 

the value of' a rough diamond of two carats. 

£ 

A wraagfardiamoBd of 3 ctzmtH it worth . < TS 

. 4 196 

9 900 

. 10 . 800 

90 3^800 

30 7,900 

40 19,800 

« SO 90,000 

60 98,800 

100 80,000 

This mode of valuation, however, only applies to 
smah diamonds,, in consequence of the difficulty of 
finding purchasers for the larger one& 

ffhy are diamonds called male and female 9 
Because a hard and soft stone are often united in the 

same gem ; the hard stone being called by diamond 

cutters a Ae, and the soft one, a she. 

Why is a diamond said to he of the first waUr^ 
Because it is perfectly transparent and pure. The 
snow-white diamond is most highly prized by the jew- 
eller. Diamonds have, however, been found nearly of 
all colours : next to the colourless, in esl'eem, are those 
of a decided red, blue, or green tint. Black diamonds 
are extremely rwe ; those which are slightly brown, or 
tinged only with other colours, are least valuable. 

The largest known diamond is probably that men- 
tioned by Tavemier, in the possession of the Great 
JHogul. Its size is about that of half a hen's egff ; is 
cut in the rose form, and when rough, is said to have 
weighed 900 csrats. It was found in Gokonda, about 
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the year 1650. Among the crown jewels of Russia k 
a magnificent diamond, weighing 195 carats. It is the 
size of a small pigeon's egg, and was formerly the eye 
of a Brahminical idol, whence it was purloined by a 
French soldier ; it passed through several hands, and 
was ultimately purchased by the Empress Catharine, 
for the sum of £90,000 in ready money, and an annu- 
ls of £4000. Perhaps the most perfect and beautifiil 
diamond hitherto found, is a brilliant brought from In- 
dia by an English gentleman, named Pitt, who sold it 
to the Regent Duke of Orleans, by whom it was placed 
among the crown jewels of France. It weighs rather 
more than 136 carats, and was purchased for £100,000. 
— Brandt, 

Diamonds, equal to those of Brazil, have also been 
recently found in the Ural chain, of mountains In 
Russia. 

PROPERTIES OF CARBON. 

Whf is carbon so important in the vegdabU kingdom f 
Because it is not only a component part, but it forms 
nearly the whole of the solid basis of all vegetables ; 
and their infinite varieties may be attributed to the 
different modifications of carbon, as well as of the other 
principles which enter into their constitution. 

Jfhy are so many products of vegetation indebted to 
€arbon/or their produce 9 

Because carlx>n not only constitutes the base of the 
woody fibre, but is a component part of sugar, and of 
all kinds of wa^, oils, gums, and resins ; and of these 
again how infinite is the variety. — Parkes. 

Why is carbon also important in the animal kingdom ? 
. Because it enters into the composition of animal 
milk, and of animal oils and fat ; it is also found in 
albumen, gelatine, fibrina, and in many of the animal 
Becretions. 

Why is carbonic add gas so caUedf 

Because it consists of carboai which has so great an 
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affinity to oxygen, that when assisted by heat, it will 
lake it from both substances with which it may be 
combined ; and in certain proportions, they form car- 
bonic acid gas. The composition of carbonic acid haa 
been proyed by analysis, as it has been actually decom- 
posed^ and the charcoal or carbon exhibited entire. 

Why was ccarbonie acid also called Jixed airf 

Because it was so intimately combined in chalk, 
lime-stone, magnesia, &c. It is to Dr. Black we owe 
the discovery of carbonic acid gas. Mr. K«;ir was the 
first who suspected it to be an acid ; and Dr. Priesdey 
afterwards announced that a portion of it was always 
found in atmospheric air. 

Again,*it is probably decomposed by the organa of 
plants, its base furnishing part, at least, of the carbon 
that is so abimdant in the vegetable kingdom, and its 
oxygen contributing to replenish the atmosphere with 
that necessary support of life, which is continually 
diminished by the respiration of animals, and other 
cause. 

Saussure found carbonic acid i^ lur from the sumr 
mit of Mont Blanc ; and Humboldt discovered it in 
air brought from a height of many thousand foet, to 
which he had ascended in a balloon. Its production 
in the lunss is easily shown, by blowing the expired 
air through lime-water, by means of a small tube : it 
becomes milky, and soon deposits carbonate of lime. 

During the past year, likewise, Saussure has com- 
municated to the Physical and Natural History So- 
ciety of Geneva, some interesting experiments, to 
determine the variations of carbonic acid in the atmos- 
phere. He found, that, near Geneva, 16 metres above 
the level of the lake, 10,000 volumes of air contained 
4.15 of carbonic acid, as the mean of 104 experiments, 
made day and night< and at all seasons of the year; 
tiie air being taken four feet above the ground. Ait 
IncreaBed quantity of rtdn appeared to £nuniah that 
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•of the parbonic acid, either by diSBolyiJig it, or .caiippug 
the soil to do 80. It was found, that during the nigj^, 
the quantity of carbonic acid was greater than thatof 
Xhe day, in the proportion of 4.32 to 3.98 ; but if tifae 
wind were strong,then scarcely any difference occurred 
The greater quantity of carbonic acid occurring in the 
night, is attributed to the want of decomposition, which 
arises from vegetation during the day ; a result which 
'fiivours the explanation of the above question. A short 
frost, which does not penetrate the earth to more than 
an inch, does not appear to cause any variation in the 
quantity of carbonic acid ; but when the frost continues 
long, the dryness which it occasions, increases the pro- 
portion. It was also fi>und, that the quantity of car- 
Donic acid is greater, during the day in a city than in 
the country, that the variations occasioned by the sea^ 
flons are analogous, and that the quantity of carbonic 
acid increases more by the influence of night in the 
coimtry than in the town. The air of the plains con- 
tains more carbonic acid than that of the mountains ; 
which difference is explained by considering that the 
decomposition of the acid occurs principally where 
vegetation is most abundant, as it is in the plains, and 
that the gas is absorbed by the earth there, because it 
contains more rain-water. — Abridged from La BiMio- 
ik^que UniversdU, 

Why is a blue flame so often seen upon the surface of 
■9 charcoal fire f 

Because the combustion of the carbonic oxide m 
firmed in this way : the air entering at bottom, forms 
carbonic acid, which, passing througn the red hot char- 
coal, becomes converted into carbonic oxide. Henee 
arises the danger of burning charcoal in ill ventilated 
chambers. 

}fhy is carbonic acid frequently found at the hoUomA^ 
mines^ nftUsy ^e3 
Because it is much heavier than atmospheric sir. 
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WorioQea ought never to venture into such places 
without previously letting down a lighted candle. If 
the candle bums, they may enter safely ; if not, quick- 
Mine should be let down in buckets, and gradually 
flprmkled with water. As the lime slacks, it will ab- 
sorb the carbonic acid gas, and the workmen may a& 
terwards descend in sai^ty. — Parkes, 

In^ these caseSj the carbonic acid issues from crevices 
in the earth, and is produced by unknown sources. 
Similar accidents happen to persons incautiously de- 
scending into brewers' vats, before they have been pu- 
rified from this gas. We were told of three or four 
such cases at the brewhouse of Messrs. Barclay and 
Perkins, as we were walking over their stupendous, 
store-vats a few years since. 

The noxious properties of carbonic acid, or choke- 
damp, in mines, have akeady been noticed in connexion 
with the Saftty Lamp. (See p. 54, et seq,) 

Why do' persons experience difficulty of hreaihingj 
giddiness, and faintness, in crowded and iUuminaUd 
roomsy which are iU-ventUated^ . 

Because of the excess of carbonic acid which is al- 
ways produced by the respiration of animals. In like 
manner, some manufactories are very unhealthy ; as 
all common combustibles, such as coal, wood, oil, wax^ 
tallaw, &c. contain carbon as one of their component 
parts ; so tbie combustion of these bodies is always at- 
tended by the production of carbonic acid. It is not, 
therefore, surprising, that carbonic acid should be air- 
ways present in the atmosphere. Indeed, the great 
wonder is, considering the abundance of its sources, 
that it does hot accumulate to an injurious degree, 
as it certainly would, without one of those admirable 
and providential compensations which perpetually 
strike us among the laws of nature ; by which it is 
provided, that me process of vegetation should remova 
the contanuBOtion produced by the an^^al part. 

PART xn. I 
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Carbonic oxide, when respired, is iatal to animal 
life. Sir Humphry Davy took three inspiration? of it 
mixed with about one-fourth of common air ; the effect 
was a temporary loss of sensation, which was succeeded 
by giddiness, sickness, acute pains in different parts of 
tiie Dody, and extreme debility. Some days elapsed 
before he entirely recovered. Since then^Mr. Witter 
of Dublin was struck down in an apoplectic condition 
by breathing this gas ; but he was speedily restored by 
the inhalation of oxygen. 

ffhyhave toorkmen often lost their lives by sleeping 
too near limekilns ? . 

Because carbonic acid gas is extricated from the 
kilns in great abundance. 

This brings to our recollection an incident, which 
occurred a few years back at a limekiln adjoining the 
old Bristol road, and manifests how perfectly insensible 
the human frame may be to pam in peculifir circum- 
stances. It is related by Mr. Leonard Knapp, in his 
interesting Jovmcd of a MUuralistj and though not 
exclusively illustrative of the above question, we are 
induced to quote his narrative : — " A travelling man 
oile winter's evening laid himSelf down upon the plat- 
form of a limekiln, placing his feet, probably numbed 
with cold, on the heap of stones newly put on to bum 
through the night. Sleep overcame him in this situa- 
tion ; the fire gradually rising and increasing, until it 
iffnited the stones upon which his feet were placed. 
Lulled by the warmth, he still slept ; and though the 
fire increased until it burned one foot, (which probably 
was extended over a vent-hole) and part of^ the leg-, 
above the ancle, . entirely ofi*, consuming that part so 
effectually, that no fi-agment of it Was ever discovered 
— ^the wretched man slept on I and in this state was 
found by the kiln-man in the morning. Insensible to 
any pcdn, and ignorant of his misfortune, he attempted 
to rise and pursue his journey, but missing his sno^ 



requested to haye it found ; and when he was mised, 
putting his burnt limb to the ground to support his 
body, ue extreniity of hin leg-b<me, the tibia, crumbled 
into fragments, having been calcined into lime* S^ 
he expressed no sense of pain, and probably experi- 
enced none, from the gradual operation of the fire, 
and his own torpidity during the hours that his foot 
was consuming. This poor drover survived his mis- 
fortunes in the hospital about a fortnight ; but the fo*e 
having extended to other pnrts of his body, recovery 
was hopeless." 

fFhv are dogs Mled hy entering the * Grotto del cano,' 
in Italy, while man enters toith sc^ety ? 

Because the floor of the grotto is lower than the 
door, and this hollow is always filled with fixed air, 
which can rise no higher than the threshold, but there 
flows put like water. It has been a common practice 
to drive dogs into this cavern, where thfey suffer a tem- 
porary death for the entertainment of the passengers ; 
but a man walks in with safety, because his mouth is 
for above the surface of this deleterious air. The lake 
of Avemo, which Vitgil poetically describes as the en- 
trance to the infernal regions, evolves so large a quan- 
tity of this gas, that Iwrds, flying over it, drop witli suf- 
focation. — Parkes. 

Why does carbonic acid gas JUl the apparen&y empty 
spacCf or upper part of (he vessels, in which vinous jer- 
mentation IS going on f . • 

Because of the great weight of the gas, which pre- 
vents its ascent. Dr. Ure observes, ^^ a variety of strik-* 
ing experiments may be made in this stratum of elastic 
fluid. Lighted paper, or a candle dipped into it, is 
immediately extinguished ; and the smoke remaining 
in the carbonic acid gas, renders its surface visible, 
which may be thrown into waves by agitation, like 
water. If a dish of water be immersed in this gas, and 
briskly agitated, it soon becomes impregnated, and ob- 

I 2 
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ttoBB the pungent taste of Pyrmont water. In conaw* 
quence of the weight of the carbonic acid gaa, it nunr 
be lifted out. in a pitcher, or bottle, which, if weU 
corked, may be used to convey it to great distances ; 
or it may be drawn out of a vessel by a cock, like a 
liquid. The effects produced by pouring this invisil^ 
fluid from one vessel to another, nave a very smgular 
i^pearance : if a candle or small animal be placed in 
a deep vessel, the fbrmer becomes eytinct, and the lat* 
ter expireuy in a few seconds after the carbonic acid gai 
is poured upon them, though the eye is incapable of 
distinguishing hny thing that is poured. If^ however 
it be poured mto a vesf^ fiiU of air, in the suosUin^i 
its density being so much greater than that of the fir, 
renders it slightly visiUe, by the undulations aD4 
streaks it forms in the fluid, as it descends through it.** 

Carbonic acid has a peculiar, sharp taste, which may 
readily be perceived over the yats in which wine or 
beer, is fermenting, as also in sparkling Champagnei 
(Uid the brisker kinds of cider. It consists in 100 parts^ 
of oxygen 72.72, the other 27.28 being pure carbon. 
It not only destroys life, but the heart and muscles of 
animals killed by it, lose all their irritability, so as to 
he insensible to the stimulus of galvanism. 

Butterflies and other insects, of which it is desired 
to preserve the colours unimpaired, may sometimes be 
conveniently suffocated by this gas. 

Why hcts soda toaier a brisk, sharp taste f 
Because it is water, which, by artificial pressure with 
forcing pumps, has been made to absorb two or three 
times its bulk of carbonic acid, according to its sharp- 
ness. When there is added a little potidb or soda, it 
becomes aerated or carbonated alkaline water: — ^"a 
pleasant beverage," observes Dr. Ure, "and a not in*- 
active remedy in several complaints, particularly dys** 
pepsy, hiccup, and disorders of the kidney." The ef- 
fervescent quality of many mineral waters is referable 
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to the presence of this gas, and they are often imitated 
by condensing carbonic acid into water, either by a 
condensing j)ump, or by a Nooth's apparatus, consist- 
ing of 'three vessels conneeted, which the observant 
reader may have noticed in the shops of oh^nists. We 
have 4ilready mentioned the water of Pyrniont : Spa 
and Seltzer are also instances : the last particularly, is 
highly impregnated with this acid. These waters are 
so .pleasant and salutary, that various imitations of 
them, made in this country, are sold under the names 
of single and- double soda water. They arQ manu&c- 
tured by several houses in London, equal in every re- 
spect to the natural waters imported from the continent 
Seltzer water is, we know, frequently introduced at the 
dinner tables of the wealthy, in tall stone bottles, simi- 
lar to those used for beer in France and the Nether- 
lands, and formerly used for spruce^er in this country. 

The strength of soda water, or the quantity of car- 
bonic acid gas which ,It contains, is not, however, its 
main excellence ; it should also contain soda. We know 
k patentee of sodiei. water who nearly lost his life by ex- 
perimenting upon the strength of his apparatus, which 
once burst with tremendous violence ; the copper of 
the vessel, though of considerable thickness, was riven 
or torn asunder : he showed one of its fragments to Sir 
Humphry Davy, who requested it for his laboratory. 

Carbonic acid gas may be rendered liquid by great 
pressure, and Mr. Brunei has endeavoured to apply 
this liquid as a mechanical agent for the ph>duction of 
motive power. 

ffhy are carbonates so called? 
'Because they are combinations of carbonic acid with 
the alkalies, metallic oxides, in earths, and in stones ; 
particularly in chalk, limestone, and marble. Thus, a 
cabic inch of marble contains as much carbonic acid 
in combination, as would fill a four-gallon vessel when 
in the state of gas. — Parkes. ' 

I 3 
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Why is plumbago impr&periy ct^ed hiack kad$ 
Because it consists of iron, and a certain proportion 
of carbon ; and thus, there is no lead in its composi- 
tion. Many other instances might be adduced, m 
which the names of substances have given fiilse ideas 
of their nature and properties. Thus, white and green 
copperas contain no coppery but are formed, the one 
with zinc, the other witn iron. 

Why is ptumhago much used for makiiig eruciUe^ 
and poriabte Jvmaces^ 

Because, like charcoal, it is indestructible by heat, 
unless with the presence of atmospheric air. It pro- 
tects iron ^m rust, and is on that account rubbed on 
various ornamental cast-iron w(M^8,suoh as the frontei 
of grates, &c. 

Why is cast^ron submitted to a long intense heat^ to 
be converted into unsought iron ? 

Because by this means the carbon burns, and, unit- 
ing with the oxygen, both go off in the state of car- 
bonic acid gas. 

Why do pit-coals vary in quality 7 

Because of the different proportions of carbon and 
Ijltumen which they contain ; but carbon is the chief 
ipgredient in alL 

Why are some coals called sialyl 

Because they hold also from 10 to 40 per cent, of 
earth ; and some coals likewise contain a considerable 
quantity of sulphuret of iron, known by the name of 
martial pyrites. 

There ore four species of coal very distinct from each 
other: viz. the graphite of Werner, or plumbago ; the 
anthracolite ; the jet, or pitch coal ; and the common 
coal. One hundred parts of plumbago contain, accord- 
ing to BerthoUet, about 90 per cent, of charcoal, and 
10 of iron. Anthracolite, or anthracite, is distinguished 
from other coal by burning without flame, and is some- 
times called stone coal : it is composed of 64 carbon, 
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^ silica, fmd 3 parts of iron. Jet oecurs in Scotlamd^ 
at Whitby, in Yoi^shire, in Bavaria, and in Francei 
near the Pyrenees. It i^ composed of 76 parts char- 
coal, 22 parts bitumen, and two parts earth. Common 
coal ia composed of bitumen and charcoal, and yaries 
according to the places where it is procured. 

OXTOEir. 

ffhy is oxygen so called f 

Because it enters into the composition of a large ma- 
jority of the acids, (from two Greek words, siguifyinff 
the formation of acids) and was formerly supposea 
to be the general acidifying principle. 

Sir Humphry Davy appositely observes, that the 
great chemical agent, oxygen, is at once necessary, in 
all the processes of life, and all those of decay, in which 
nature, as it were, takes again to herself those instru- 
ments, organsj and powers, which had for awhile been 
borrowed, and employed for the purpose or the wants 
^f the living principle. 

Growing vegetables, exposed to the solar light, give 
out oxygen gas ; as do leaves laid on water in similar- 
situations, tlie green matter, that fcMrms in water, and 
some other substances. 

Why is lead, exposed to a strong ?ieaty and free access 
of airy cmwerted into a bright red substance^ known as 
imniunvy or red lead ? 

Because the lead gives out the oxygen which it had 
previously attracted from the air at a lower tempera- 
ture. The red precipitate of the druggists is similarly 
produced from quicksilver, which, in the operation, 
mcreases its weight about 8 per cent 

Oxygen gas may be obtained in its greatest purity 
from the salt called chlorate of potassa. Afler the dis- 
covery of this gas, it was adopted by Lavoisier as the 
universal supporter of combustion. The basis of the 
gas was supposed to unite to the combustible, and the 
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heat and light which it befiyte contained in the ffaaeoiu 
state, were said to be evolved in the form of flame. 
But in this case several requisites are notfiilfiUed ; the 
light depends upon the combustible, and not upon the 
quantity of oxygen consumed ; and there are very nur 
merous instances of combustion, in which, oxygen, .in- 
stead of being solidified, becomes gaseous during the 
operation : and, lastly, in others no oxygen is present. 
Combustion, therefore, cannot \^ regarded as depen- 
dent upon any peculiar principle or fonii of matter, 
but must be considered as a general result of intense 
chemical action. We quote this perspicuous theory 
of combustion from Mr. Brande ; its dependence upon 
electricity has been already noticed, as well as several 
properties of oxygen, in connexion with the general 
subject of combustion. (See pp. 60 lo 65.) 

CHLORIC. 

Why is chlorine so ccMed f 

Because its colour is green (from the Greek word 
for green). 

. Dr. Ure observes,, "the introduction of this teroo^ 
(chlorine) marks an era in chemical science. It origin- 
ated from the masterly researches of Sir Humphry 
Davy, on the oxymuriatic gas of the French school ; a 
substance, which, after resisting the most powerful 
means of decomposition which his sagacity could in- 
vent, or his ingenuity could apply, he declared to be, 
according to the true logic of chemistry, an elementaryi 
body, and not a compound of muriatic acid and oxy- 
gen, as was previously imagined, and as its name 
seemed to denote. He accordingly assigned to it the 
term chlorine, descriptive of its colour, a name now 
generally applied." 

Why are chlorine and its aqueous solution used to 
prevent infection ? 

Because chlorine has the power of decomposing the 
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noOHOiH oompounds which produce conta^on, and re- 
volving them into otherB, which are haruSess. Even 
when oombiiiied with lime, in "the substance usually 
known as bleaching powder, chlorine retains this anti* 
septic power. For the purposes of iumigation, chlo- 
rine, liberated from manganese and muriatic acid, or 
manganese salt and sulphuric acid, may be diffused 
through the atmosphere of the infected chambers, or 
die infected goods may be exposed to it.' In the same 
way, the offensive odour of dead bodies may be mid- 
fiated by sprinkling them with solution of chlorine. 
Chloride of lime has also been successfully used in 
eas^ of bums ; to destroy the stench of bilge- water 
m ships, and to correct the confined air in their holds ; 
as well lis to destroy the fire-damp in mines. 

Why is bleaching poioder always used in a liquid form ? 

Because it has the property of bleaching only when 
water is present. Thus, if a piece of dry litmus paper 
be introduced into a jar of dry chlorine, it will suffer 
no change ; but if previously wetted, the colour will 
speedily disappear. The colours of printed calico may 
readily be discharged by the same means. 

The addition of the water to the chloride of lime, 
(or bleaching powder) effects its partial composition : — 
one half of the chlorine leaves the lime, and dissolves 
in the water ; and this is the bleaching liquid of the 
shops, which is sold at a high rate, although it cannot 
cost more than a farthing a gallon. Sometimes this 
fluid is applied immediately to the substance to be 
bleached, out sometimes a weak acid is added, to de- 
stroy the slight affinity of the chlorine for the lime, 
and you will see by this addition, how much the 
bleaching power of the fluid is increased. The manu- 
fiictory of the chloride of lime is carried on on a large 
scale in the north of England, by passing chlorme into 
leaden cJMmbers^ containing hydrate of lime in fine 
powder. — Brande, 
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Scheele first remarked this bleaching propert|r ; Ber- 
thoUet applied it to the art of bleaching in France ; 
and fix>m him Mr. Watt introduced its use into Qreat 
Britain. 

BR0MI5E ^VD lODUOB. 

ffliy is Bromine so caUedf 

Because of its origin fi-oni a Greek word signifying 
^ a strong disagreeable odour." In like manner, iodine 
is named from a Greek word signifying <* violet-co- 
loured,'* which distinguishes its yapour. 

Bromine and iodine have only very lately been dis- 
covered, and they belong to tliat class of aubstanoesy 
with whose use in the economy of nature we are at 

E resent totally unacquainted, and which have not yet 
een applied to any practical purpose : nevertheless, 
they are objects of the greatest interest to the chemist ; 
and the study of their properties is particularly instruc- 
tive, on account of the analogy which subsists between 
them and chlorine. 

Bromine probably exists in sea- water, but its relative 
proportion must be exceedingly minute. One hundred 
pounds of sea-water, taken up at Trieste, afforded 5 

Sains of bromide of sodium=dJ3 grains of bromine, 
ere the bromine is unaccompanied by any iodine ; 
and the same appears to be the case with the waters of 
the Dead Sea. In the water of the Mediterranean, on 
the contrary, iodine is always found with bromine. It 
is most readily recognised by evaporating the Water, 
so as to separate all its more ordinary crystallizable 
contents, reducing the remainder to a very small bulk, 
and dropping in a concentrated solution of chlorine. 
The appearance of a deep yelFow tint announces bro- 
mine. Dr. Daubeny, Professor of chemistry at Oxford, 
has discovered iodine and bromine in several salt 
springs and mineral waters of this country ; and the 
rrofessor conceives that his analyses will tend to throw 
some light on the connexion between the chemical con- 
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Bdttttion of mineral waters and ^heir medicinal quali- 
ties. Bromine has also been obtained from the ashes 
of sea- weeds, and we sliall presently have occasion to 
notice its connexion with tl>e cause of the ocean^s tint. 
Thus, it has been discovered, not only in the waters of 
the ocean, but in certain salt springs, in the aslies of 
marine plants, and, according to Mr. Bi^ande, in those 
of some marine animals. 

Bromine acts with energy on the animal functions. 
A drop, let fall into tlie beak of a bird, was sufficient 
to kill it. Iodine was accidentally discovered in 181^ 
by M. de Courtois, a manu&cturer of salt-petre at 
Paris. In his processes for procuring soda from the 
ashea of sea- weeds, he found the metallic vessels much 
corroded, and in searching for the cause of the corro- 
sion, he made tliis important discovery. But for tliia 
circumstance, merely accidental, one of the most curi- 
ous of substances might have remained for ages un- 
known ; since nature has not distributed it, either in 
a simple or compound state, through her different 
kingdoms, but has stored it up in what the Roman 
satirist considers .as the most worthless of things — ^the 
vile sea- weed. — t/re. 

Iodine has been successfully applied in cases of can- 
cer and bronchocele. 

HTDBOGEN. 

Why is hydrogen employed for filling atr-haUocna f 
Because it is much lighter than the atmosphere ; the 
principle upon wluch balloons are constructed being, 
that a solid rises in the atmosphere with any given 
force, when its weight is less than the weight of the air 
which it displaces by the amount of that force. Hydro- 
gen is the lightest substance in nature at precrent 
known, being 14.4 less dense than common air, 16 
times less dense than oxygen, and 14 timesiess dense 
than nitrogen. Pure hydrogen gas is not, however, 
necessary to fin baUoons ; and carburetted hydrogen g^ 
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such as is used to light the streets, has been ochrMH 
tageously substituted. 

Dr. Ure considers every cubic foot of gas include 
in a balloon, to have by itself a buoyancy of fully one 
ounce avoirdupoise in the atmosphere. Hence, a bal- 
loon of ten feet diameter will have an ascensional 
force of fully 524 oz. or 33 lbs. miniLS the weight of ths 
314 superficial feet of the varnished silk enveloping 
the gas ; and one of 30 feet diameter, a buoyancy of 
fully 14,137 oz. or nearly 890 lbs. minus the weisht of 
the 3,837 feet of envelope. The subject of baUoons, 
generally, belongs to Pneumatics. 

Hydrogen also forms a component of all vegetable 
and animal products, and is therefore abundantly dij& 
fused throughout nature. It may be respired for a 
short time, though it is instantly &tal to all small ani- 
mals. M. Mauuoir, after having breathed a quantity 
of pure hydrogen, found that his voice had become re- 
markably shrill. It is inflammable, and extinguishes 
flame. When pure, it bums quietly, with a lambent 
flame at the surmce, in contact with- air ; but if mixed 
with thrice its volume of air, it burus rapidly, and with 
detonation. 

THE BliOWPIFB. 

JVhy is the gas blowpipe so important an tnstnmeni 
in chemical analysis^ ^c. ? 

Because it enables us to employ a mixture of oxygen 
and hydrogen gases, and thus to produce the most 
powerful heat yet kn,own. This may be shown by pre- 
paring a bladder full of each of these airs, and forcing 
some out of each, into a common tube connected with 
both, and throwing a stream of the mixed gases on 
burning charcoal, or on any other substance in tlie act 
of coniDustion. These bladders should each be flu** 
nished witli a small metallic pip^ and stop-cock, and 
the tube connecting with both should have a very small 
orifice, in order that a regular stream of the conuoixed 
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1^ may be thrown upon the burning substance. Thk 
18 caUied the hydro-oxygen blowpipe, and its construc- 
tion and use were illustnted by the late Dr. E. Clarke, 
in a series of beautiful experiments in the fusion and 
reduction of earths and metals, and their compounds. 
Mr. Hare of Philadelphia, also fused, by this appara- 
tus, porcelain, common pottery, Wedgwood's ware, 
pipe and porcdain clay, fiue brick, common brick, and 
compound bricks, with equal ease. M. LampodiuS) 
on making use of the sas blowpipe, found the heat, 
which is produced by the combustion of oxygen, with 
carburetted hvdroffen gas, procured from coal, to be 
more intense than .that with pure hydrogen. Mr. Brande, 
however, thinks the above olowpipe id ways a danger- 
ous instrument, and adds, '^ nearly as intense a tempe- 
rature may be safely produced by propelling oxygen 
through the flame of a spirit lamp.'^ 

Wk^ is the common blowpipe, or simple herd fu&e, 
kss advantageous fhan thai just described? 

Because it is hurtful to the lungs, and cannot be 
used but with much inconvenience, fix>ra the necessity 
of keeping up a continued blast 'To effect the latter, 
bellows have been added, but as portability is a great 
object, they ar9 more objectionable than bladders, 
which occupy little room when empty, and may be 
quickly fiUed with air. Mr. K. T. Kemp, of Edinburgh, 
has, however, invented a blowpipe which is very port- 
' f^e, requires scarcely any exertion of the lungs, one 
exfuration into it being sufficient to produce a contin- 
ued blast for about two. minutes— ^and occupies veiy 
little space. It is described and drawn in Jamesows 
Joumtd for 1829, and in the Arcana of Science and Art 
fi>r 1630, p. 145. 

WATER. 

Why is hydrogen so coiled^ • 

Because it is one of the elements of water (from the 
two Greek words mgnifying the fimnatioa of water). 
PART xis. R 
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Thus, when two volumes of pure hydrogen gas are 
mixed with one volume of pure oxygen gas, and the 
mixture inflamed in a proper apparatus by the electric 
spark, the gases totally disappear, and the interior of 
the vessel is covered with drops of pure water, equal 
in weight to that of the gases consumed. Again, if 
pure water be exposed to the action of voltaic electii- 
city, it is resolved into.two volumes'of hydrogen, disen* 
gaged at the negative pole, and one volume ef oxygen, 
disengaged at the positive pole ; so that water is thus 
proved by synthesis, and by analysis, to consist of two 
volumes of hydrogen combined with one of oxygen. 
We quote this iUustration from Mr. Brande, who adds^ 
" the experiments illustrating the composition of water, 
and showing the proportions in which its elements are 
united, are amongst the most important in chemistry. 
The readiest means of decomposing water is as fol- 
lows : — ^take a gun-barrel, the breech of which has been 
removed, and fill it with iron wire coiled up. Place it 
across a conunon chafing-dish, and connect to one end 
of it a small glass retort, containing some water ; and, 
to the other, a bent tube, opening under the shelf of 
a water-bath. Heat the barrel redhot by means of 
charcoal, and apply a lamp under the retort. The steam 
of water, in passing over the redhot iron, will be de- 
composed, the oxygen will unite witli the iron, and thd 
hydrogen may be collected in the forni of gas. This* 
is the most economical way of making hydrogen in 
large quantities. Those who have had an opportunity 
of visiting an iron foundery, may see this process con- 
tinually going on ; for when the melted metal is poured 
into the damp moulds, the water which they contain 
is decomposed, and the hydrogen which is given off is 
ignited ; and generally, from its mixture with the air, 
produces a slight explosion. If this experiment be made 
very carefullyf by placing the iron wire, previously 
weiffhed, in a glass, or very compact earthen tube, in- 
stead of the gun-barrel, the weight which the iron wiK 
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iiave acquired, added to the weight of the Tolume of 
^as produced, will be found exactly to make up the 
weight of the water decomposed ; ftad they will be to 
each in the propoition of eight to one. 

Water was, till modem tunes, considered as an ele- 
mentary or simple substance. In 1776, the celebrated 
'Macquer made an experiment, by burning hydrogen 
gas in a bottle, without explosion, and holdmg a white 
china saucer over the flame. His intention appears to 
h«ve been that of ascertaining whether any fuliginous 
smoke was produced ; and he observes that the saucer 
remained perfectly clean and white, but was moistened 
with perceptible drops of a clear fluid, resembling 
water ; and which, in fact, appeared to him to be no- 
thing but pure water. In the following year, Buquet 
and Lavoisier experimented to discover what is produc- 
ed by the combustion of hydrogen ; but Dr. Priestley, in 
1781, appears to have first fired hydrogen and oxygen 
gas in a closed glass vessel ; the inside of which, though 
clean and diy before, became dewy. The inference 
respecting this was, that these airs, by combustion, de- 
posited the moisture they contained. Mr. Watt, how- 
ever, inferred from these experiments, that water is a 
compound of the burnt airs, which give out their latent 
heat by combustion. In the same year, Mr. Henry 
Cavendish was busied on the subject, which he illus- 
irated by a valuable series of experiments. The com- 
position of water was not known or admitted in France 
till the year 1783, when it was proved by MM. Lavoi- 
sier and de la Place. The grand experiment in France 
was, however, by Fourcroy, Vaquelin, and S^guin, and 
was begun on May 13, 1790, and finished on the 22nd 
of the same month. The combustion was kept up one 
hundred and eighty-five hours with little interruption, 
during which time the machine was not quitted for a 
moment. The experimenters alternately refireshed 
themselves when fatigued, by lying for a few hours on 
mattresses in the laboratory. The total weight of hy- 

k2 
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drogen and oxygen employeil, wtm 7fM9JS07; the 

weight of water obtained was 7,244 grains, or 12 ogc 
4 ^8. 4«5 gr. ; th6 deficit being A^S7 gr. The water 
being examined, was found to be as pure as distilled 
water. 

The composition of water is best demonstrated, by 
exploding two volame8ofhydrogen,and<Mieof oxygen,' 
in the eudiometer. They disappear, and pure water 
results. From the most careful experiments, it ajniears 
that a cubic inch of water, at the temperature of 60^, 
weighs 2^59 gr., and consists of 28.06gr. of hydro- 
gen, and 234.46 gr. of oxy gai. The volume of the for- 
mer gas is 1,325 cubic inches, and,, of the latter, 662^ 
making to|^ther 1,987 cubic inches ; so that the con- 
densation IS nearly /2000 volumes in 1. 

Why is tpoter nniversaUy found throughont nature f 
Because it possesses a large range of affinity for nat- 
ural bodies, or which it is capable of dissolving a great- 
er number than any other fluid. It is found not only 
throughout the earth in an uncombined state, with its 
particles in the diflerent aggregates either of ice, waten 
or vapour, but in a pennanent and cheraiccd union 
with a vast number of substances, solid, fluid, and 
gaseous. The air of the atmosphere, and even that 
which is considered the driest, contains much water 
in solution. Many solid minerals, and crystallized 
neutrid salts, contain water in their composition ; some 
of the latter to more than half their weight. 

Why is hard water often improper for dyeing f 
Because it contains salts witn an earthv basis, which* 
precipitnte upon the stuff during boilmg, and thus 
prevent the access of the colouring particles. Some 
of the earthjr salts are indeed used in dyeing, but to 
alter and heighten particular colours. Well water is 
preferred in dyeing red, and other colours that want 
astringency ; as well as in the dyeing of stuffs of loose 
texture, as calico, fiistian, and cotton. 



POPUIiAR CHEMISTRY. 101 

Wkg has the common pracHee of liakig wdl» vM 
hicks been condemned f x 

Because bricks soften the hardest water, and give it \ 

an aluminous impregnation. — Dr, PerewaL j 

Why is water often found impregnated wiOi sulphur- j 

tUed hydrogen gas 7 " | 

Because of the spontaneous decomposition of pyrites, | 

or sulphuret of iron, where the spring rises, llence, 
sulphuretted hydrogen gas, which consists of sulphur 
held in solution by hydrogen-gas, imparts the medicinal 
value to many celebrated springs, and ia found very 
plentifiiUy in all those natural waters, which emit that 
peculiar and offensive odour somewhat similar to rotten 
e^gs, or the scourings of a foul gun-barrel. At a me- 
dium temperature, water wUl absorb from two-thirda 
to three^fourths of its bulk of this gas, and even twice 
its bulk. 

Of this property were the several wells in London, 
supposed to be impregnated with the spuHus mundiy 
and sold by the monks as a kind of spiritual nectar ; 
^e most celebrated of which was the Iloly^well, near 
Shoreditch. 

ff%y does this toater soon become turbid f 
Because the cohesion of the sulphur to the hydrogen 
Is very weak. It soon deposits pure sulphur. Hence, 
the sulphureous pellicles that are found in the chan- 
nels in which this water flows, or the lining of the casks 
and other vessels in which it is usually conveyed. 

ffliy is the purest u>ater that which faUs from the at- 
mosphere ? 

Because, having touched air alone, it can contain 
nothing but what it gains from the atmosphere, and it 
is thus distilled without the chance of those impurities 
which may exist in the vessels used in an artificial ope- 
ration. — Sir Humphry Davy. 

Why is rain-water collected in towns less pure than 
dseamere ? 

k3 
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BeoMiM it always acquirea a small quantity of stil- 
phate of lime, and carbonate of lime, obtained flrom the 
roof and piajster of the houses. Again, the atmo^ere 
of a smoky town will giva some impregnation to rain, 
as it passes .through. Hippocrates states^ that rain- 
water should always be boiled and strained when col- 
lected near large towns ; a fiict now well known to 
chemists. 

Whf i$ tht purtti teaier produced Jrom snow that ha» 
faUen on ghdars, u^ieh art ihemsdveg formed from 
frozen snow f 

Because congelation expels both salts and air from 
water, whether existing below, or formed in the atmos^ 
phere : and, in the high and uninhabited regions of 
glaciers, there can scarcely be any substances to con- 
tan^inate: removed from animid and vegetable life, 
they are even above the mineral kingdom. Sir Hum- 
phry Davy considers this to be pure water : its colour, 
when it has any depth, or when a mass of it is seen 
through, is bright blue ; and, according to its depth, it 
has more or less of this colour. Captain Parry states, 
that the water on the Polar ice has the same beautiful 
tint. The reader wiU find some new and interesting 
observations on the colour of water in Saimonia, 

Why is water distilled^ 

Because its foreign impurities may be completely 
separated from it. Distilled water as commonry pre- 
ptu-ed, however, always affords minute traces of foreign 
matter, especially when subjected to voltaic decompo- 
sition, and can only be considered as perfectly pure, 
when re-distilled| at a low temperatui*e, in silver ves- 
sels. 

Why is disiiUed water the lightest of all waters ? 

Because it contains neither solid nor gaseous sub- 
stances in solution. It is perfectly devoid of taste; is 
eolourless and transparent, feels sofl, and wets the fin- 
gers more readily than any other. The principal cases 
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in wliich distilled water has been used as an article of 
drink^ have been in those important trials of the prac- 
ticability of producing it by condensing the steam of 
se&water, by means of a simple apparatus fitted to a 
ship's boiler. These have fully shown the ease with 
which a large quantity of fresh water may be procured 
at sea» and that of the purest kind. 

Why did the old chemitis beUeve in the conversion of 
ioater into earUi by distiUaiion f 

Because they found that the water, though purified 
by repeated distillation, if evaporated to dryness, always 
left a small residuum. MagraflT distilled water seventy- 
two times, with this resuh ; but Lavoisier determined 
that this residuum wad entirely owing to the abrasion 
of the glass vessels in which the process was carried 
on. 

JFky has U been important to ascertain toiOi precision 
the weight of pure toater ? 

Because it is the iftaaidard with which all other 
liquids and solids are compared ; as the weights of 
aeriform fluids 'are with atmospheric air. Moreover, 
a recent act of Pariiameiit declares, that the standard 
measure cf capacity shall be the gaUon, containing 10 
Ibe. avoirdupoise weight, (7000 gr.=:l lb.) of distUled 
water, weight in the air, at the temperature of 62^ 
of Palurenheit's thermometer ; the barometer being 
at 30 inches. The capacity of this gallon is 277.274 
cubic inches. 

Hoffman thus sums in> the properties of pure water : 
^ It is the fittest drink for all aees and temperaments : 
and, of all the productions of nature or art, comes 
nearest to that universal remedy so much sought afler 
by mankind, and never hitherto discovered." 

ffhy does potash sojten hard water ^ ' 
Because it decomposes all the earthy salts which 
oppose the solution of soap, by causing the earth to 
precipitate, whilst the neutral alkaline salt which is 
left, does not injure the solvent power of water. 
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Whf does alum dear foul water f 

Because this salt is decomposed by the carbonate of 
lime in the water, and the lUumina carries down all 
aensible impuritiea 

This appears to be, in fact, a species of filtration, the 
efficacy of which, as a remedy for the long-complained- 
of impurities of the water of the Thames, we nave al- 
ready noticed, in Part I of this work. That the Thames 
water may be so purified is proved by the fact, that 
upon being taken to sea in casks, and becoming putrid, 
when it is racked off, and exposed to the air, it grad- 
ually deposits a black slimy mud, becomes clear as 
crystal, and remarkably sweet and palatable. 

It might be expected tliat the Thames,- passing a 
large town, and thus receiving its impurities, should 
thereby acquire a foulness, perceptible to chemical ex- 
amination for a considerable distance below the town ; 
but the most accurate examinations prove that, where 
the stream is at all considerable, these impurities have 
no influence in permanently altering the quality of the 
water ; and, a^ they are only suspended, that mere rest 
VTill restore the water to its original purity. By this 
filtering process, or depuration, as is proved by Dr. 
Bostock, in the Philosophical Transactions for 1829, 
part 2, the quantity of saline matter in the water was 
increased as much as fourfold. Thus, 10,000 gr. of 
the water left by evaporation a saline crust, and were 
found to contain the following salts : 

,- After exam. Befove exam. 

Carbonate of lime 4.20 gr. 1.55 gr. 
. Sulphate of ditto .66 .12 

Muriate of soda ^ 9 74 23 

Muriate of magnesia I ' 

7.60 1.90 

Thus, although the water, by this depurating pro- 
cess, ^ed itseu &om the great quantity of organic 
patter which it contained, and acquired a state of ap« 
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porait purity, which might render it sufficiently proper 
K>r many purposes, yet that the quantity of saline mat- 
Xbt was increased as much as foui^ld. The greatest 
proportionate increase is in the muriates, which are 
very nearly twelve timeis more in the purified water 
than in that of the Thames in its ordinary state. The 
carbonate of lime is between two and three times ai3 
abundant as before, and the sulphate of lime between 
five and six times. This water, also, examined in its 
fi)ul state, gave very obvious indicatioais of both sul- 
phur and ammonia, nether of which could be detect- 
ed after depuration. 

This depuratinp^ process may be denominated a spe- 
cies of fermeniation ; t. e. an operation, .where a sub- 
stance, without any addition, undergoes a change in 
the arranffement of its ccmiponent parts, and a new 
compound or compounds are produced. The newly 
formed compounds were, in this case, entirely gaseous, 
and, except a part of the carbonic acid, were dis- 
charged. The saline bodies, not being affected by this 
process, remained in solution, leaving the fluid fi*ee| 
indeed, fix>m what are considered as impurities, yet so 
mueh loaded with earthy and neutral salts, as to be 
converted fix>m a soft into a hard water. The source 
of the saline bodies may be supposed to be the organic 
substances, principedly of an animal origin, which are 
so copiously deposited in the Thames : of these, the 
most abundant are the excrementitious matters, as well 
as the parts of various undecomposed animal bodies. 
The different species of the softer and more soluble 
animal compounds, act as the ferment, and are them- 
selves destroyed, while the salts which were attached 
to them are left behind. It may be conceived, there- 
fore, that the more foul is the water, the more complete 
will be the subsequent process of depuration : and we 
have hence an explanation of the popular opinion, that 
th^ Thames water is pNeculiarly valuable for sea stores, 
its extreme impurity inducing the fermentative pro- 
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cess, and thus removing n*om it all those substanoes 
which can c&us3 it to undergo any further alteFation. 

The great importance of filtei-H n^ed not be fiirther 
insisted on. In Paris, such an apparatus is to be 
found in almost ev<}ry house ; yet the water of the 
Seine is of great purity, and even purer than any of 
the tributary streams which surround it. It does not 
contain more than five grains of solid matter in the pint. 

Within these few months, a plan has been submitted 
to the Royal Institution, for filtering the river Thames 
beneath its bed. 

Why does water^ unlike other liquids, increase in vol-' 
time, as it cools down to its point of congelation ? 

Because, by this peculiar law, it may answer certain 
important purposes in the economy of nature, which 
may be demonstrated as follows: — ^the water which 
covers so large a portion of the surface of the globe, is 
one of the most efficient means of equalizing its tem- 
perature, and rendering those parts habitable, which 
would otherwise be botind up in perpetual frost, or 
ecorched with intolerable heat. The cold air which 
rushes from the polar regions progressively abstracts 
the heat from the great natural iMisins of water, or 
lakes, till the whole mass is reduced to 40® (the fi"eez- 
ing point being 32®J ; but at the former point, hy a wise 
providence, the refrigerating influence of the btmoe- 

Ehere becomes nearly null ; for the superficial stratum, 
y further cooling, becomes specifically lighter ; and, 
instead of sinking to the bottom, as before, and dis- 
placing the warmer water, it now remains at the sur- 
fiice, becomes converted into a cake of ice, and pro- 
serves the subjacent water fi^m the fiirther influence 
of the cold, if, like mercury, it continued to increase 
in density to its fi-eezing point, the cold air would con- 
tinue to rob the mass orwater of its heat, till the whole 
sunk to 33^, when it would immediately set into a 
•olid stratum of ice, and every living animal in it 
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would perish ; and in these latitudes, a deep lake, so 
frozen, "would neyer again be liquified. At the tem- 
perature of 40^, water is about 8SSB times heavier than 
atmospheric air. 

Why is fA« exparmxm of vxder ly eoolinff, and at the 
time of becoming ice^ a great cause qf iUstruction in 
northern dimatts ? 

Because, where ice forms in the' crevices or cavities 
of stones, or when water, which has penetrated into 
cement, freezes, its expansion acts with the force of the 
lever or the screw, in destroying or separating the 
parts of bodies. Akin to this, are the mechanic^ 
powers of water, as rain, hail, or snow, in descending 
from the atmosphere ; for in acting upon the projections 
of solids, drops of water, or particles of snow, and still 
more, of hail, have a power of abrasion : and a very 
soft substance, from its mass assisting gravitation, may 
break a miich harder one. 

The rupture of iron and lead pipes by freezing, has 
been cursorily noticed elsewhere.* The most interest- 
ing experiments upon the subject are, according to 
Brande, those of Major WilliamSv. Bomb-shells, about 
13 inches in diameter, and. more than 2 inches thick, 
were filled virith water; the fuse-holes were then 
plugged with iron bolts — and thus charged, were ex- 
posed to the open air, at a temperature between 40^ and 
11^. At the moment of congelation, the plags were 
thrown out, and the ice protruded through me fiise- 
hole. When the plug was duly sectored, the shell it- 
self burst. The greatest difference observed in those 
experiments, between the bulk of water before and 
after congelation, was :]74 :184. Exposed to the air^ 
ice loses considerably in weight, by evaporation. 

HIm is toaterj as a chemical agcnt^ frequently re* 
soheainto its elements f 

Because they are res^ctively concerned in the pro- 

- — 1 ~ 

* 8ee DoMSBTio Scieitce, p. 14. 
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duction of new compounds. Thus, when chloride of 
phosphorus acts upon water, its chlorine combines 
with the hydrogen of the water to form muriatic acid» 
and the phosphorus and oxygen unite to form phos*- 

Ehorous acid. In other cases, bodies decompose watsr 
y the absorption of oxygen only, and the hydrogen 
is liberated m the gaseous form; but there is no 
instance in which the hydrogen is absorbed, so as to 
cause the evolution of gaseous oxygen. — Brande, 

Wh» is the decay of marble buUdingt materiaUy has- 
tened oy the waier of iht atmosphere ? 

Because of its great solvent powers : the calcareous 
and alkaline elements of stones oeing particularly liaUe 
to this kind of operation. «The carbonic acid, which 
this water holds in solution, also increases its power of 
dissolving carbonate of lime, or marble ; and in the 
neighbourhood of great cities, where the atmosphere 
contains a large proportion of this principle, the solvent 
powers of the rain exposed to it must be greatest. 
Whoever examines the marble statues in the British 
Museum, which have been removed from the exterior 
of the Parthenon, will be convinced that they have 
suffered jfrom this agency ; and an effect distinct in 
the pure atmoe^here and temperat<*. climate of Athens, 
must be upon a higher scale in the vicinity of other 
European cities, where the consumption of fuel pro- 
duces carbonic acid in great quantities. — Sir H, Davy. 

Why do meials rust in the exterior of buildings $ 
Because of the oxydating powers of water ; which, 
by supplying oxygen in a dissolved or condensed 
state, enables the metds to form new combinations. 
Thus, metallic substances, such as iron, copper, bronze, 
brass, tin, and lead, whether they exist in stones, or 
are used for support or connexion in buildings, are 
liable to be corroded by water, holding in solution 
the principles of the atmosphere. — Sir A Ikwy. 
Why does toood exposed to ^ air so soon decay f * 
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Because, not only the rain, but even the rapour m 
the sir, attracted hy the wood, gradually reacts upon 
its fibres, and assists decomposition, or enables its ele- 
laents to take new arrangements* Hence it is, that 
none of the roofs of ancient buildings, more than oae 
thousand yeais old, remain, unless it be such as are 
constructed of stone ; as those of the Pantheon at Rome, 
.axid the tomb of Theodric at Ravenna, the cupola of 
which is composed of a single block of marble. The 
pictures of the Greek masters, which were painted on 
the wood of the abies, or pine of the Mediterranean, 
likewise, as we are informed by Pliny, owed their de- 
struction, not to a change in the colours, nor to the al- 
teration of the calcareous ground on which they were 
painted, but to the decay of the tablets of wood op 
which the intonaco or stucco was laid. Amongst the 
substances employed in building, wood, irOn, tin, and 
lead, are most liable to decay 'from the operation of 
water ; then marble, when exposed to its influence in 
the fluid form. Brass, copper, granite, sienite, and 
porphyry, are more durable. — Sir H, Davy.- 

Why do some stones decay sooner Hum others f 
Because much depends upon the peculiar nature of 
their constituent parts. Thus, when the feld^fiar of 
the granite rocks contains little alkali or calcareous 
«arth, it is a very permanent stone ; but when, in gra^ 
nite, porphyry, or sienite, either the feldspar contains 
much alkaline matter, or the mica, schorl, or hom« 
blende, much protoxide of iron, the action of water, 
centaining oxygen and carbonic acid, on the ferruginous 
elements, tends to produce the disintegration of stone. 
The kaolin, or clay, u'^ed in most countries for tlie 
manufacture of porcelain or china, is generally pi-o- 
duced from the feldspar of decomposing granite, in 
which the cai^se of decay is the dissolution and sep- 
aration of the alkaline ingredients. 
This and the thi:ee previous illustrations are abridged 

•PART Xn. li 
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from the Dialogue Poloy or Tme, in the posthumous 
work of. Sir H. Davy, already named. We have no- 
where seen the philosophy of creation and decay more 
beautifully illustrated than in this treasuraUe litde 
-volume. 

Why- is mcMt used for sctdvlwre ar\fi^arckUtctvre m 
preference to harder svhstances? 

Because their durability is not in proportion to their 
hardness ; and marble, though much softer than gra- 
nite, resists longer the attacks of air and moisture. 

Why is the temperature qf the sea more uniform than 
(hat of any inland water, exposed to the atmosphere^ and 
not a hot spring ? 

Because it possesses in itself a peculiar source of 
caloric, owing to a variety of causes, the operation of 
which is unknown to us. The vast body of the water, 
and the perpetual agitation to which it is exposed, ren- 
der it less liable to be affected by outward changes of 
temperature ; and this is particularly the case at a con- 
siderable depth below the surface ; at its upper part, 
however, it possesses an extensive range of temperature 
at different seasons of the year. On the shores of Eng- 
land, the surface of the sea is seldom, in the severest 
weather, lower in its temperature than 40*^, or higher, 
in the hottest summer, than 65*^ ; whereas the heat of 
rivers, especially when they are shallow and their 
currents slow, rises higher and sinks lower than either 
of these points.— -Boofe. 

Why does seawater soon grow offensive by keeping f 
Because of the decomposition of the animal and 
vegetable matters which it contains in suspension; 
these, like all organic bodies, being peculiarly liable 
to change, and the salt in the water not being suffi- 
cient to preserve them from decay. 

Why is the sea usually of a green colour 7 
Because, probably, of vegetable matter, and perhaps, 
partially, of two elementary principles, iodine and 
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birome, which it certainly contains, though these are 
possibly the results of decayed marine vegetables. 
These give a yellow tint when dissolved in minute 
portions in water, and this mixed with the blue of 
pure water would occasion seagreen. — Sir H. Davy, 

Why 18 it errfneous to suppose that the salt in (Ae sea 
has been gradually augmented by saline particles hrovghi 
into it by rivers ? 

Because this conclusion is totally inadequate to ex- 
pliun the immense quantity of salt existing in the 
whole mass of the ocean. If the average depth of the 
sea be ten miles, and it contain 2^ per cent of salt, 
were the water entirely evaporated, Uie thickness of 
the saline residue would exceed one thousand feet — 
BakeioeWs Geology. 

Connected ^th the depth of the sea, the following 
interesting question has been noticed in a German 
Journal. Whether in the sea there be depths where 
no creature is able to live, or whether a boundary be 
assigned to organic life within those depths, cannot 
be ascertained. It, however, clearly appears from the 
observations made by Biot, and other naturalists, that 
fishes, according to their different dispositions, live in 
dififerent depths of the ocean. 

Why is the Mediterranean of superior soilness to other 
seasf 

Because the Mediterranean expends, by evaporation, 
three times more water than it receives; the fresh 
water being so carried off from the surface. 

Why is the Dead Sea so called 7 
. Because no living creature is to be found in it 

Why is it saidy that '^ nothing sinks in the Dead 
Sea " ? 

Because of its extreme saltness. Mr* Madden, a 
recent traveller, batlied in this sea : he could lie, like 
a log of wood, on the sur&ce, without stirring hand or 
loot, 08 long as he chose ; but with much exertion he 

l2 
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oould just dive sufficiently deep to cover all his bodvL 
when he was again thrown on the surfitce^ in spite ot 
his endeavours to descend lower. On coming out of 
the water, Mr. Madden found his body coated vridi it^ 
and likevnse with an incrustation or salt, about the 
thickness of a sixpence. 

Steam. 

ffhf has steam suck extraordinary power? 

Because, in its constitution, two volumes of hydrogen, 
and one of oxygen, are condensed into two volumes. 
A cubic inch of water at 40° is expanded by heat into 
1694 inches, or nearly a cubic foot of steam,- at the 
temperature of 212^ ; at which point it is equal to the 
meiui elasticity of the atmosphere, or thirty inches of 
mercury ; when we see the phenomena of boiling. 

Water is susceptible of compression, as was origin- 
ally shown by Canton, and more lately by Mr. Perkins, 
who finds a pressure of 2000 atmospheres occasioned 
by a duninution of l-12th its bulk. (PhU, Trans. 1820.) 
If submitted to very sudden compression, water be- 
comes luminous, as has been shown by M. Desaignes. 
— Brande. 

Why is steam considered universcd in nature? 

Because it is not only formed from water at its boil- 
ing point, but rises slowly and quietly fit)m it at all 
temperatures, even below the freezing point. It is al- 
ways found mixed with the permanent gases of the at- 
mosphere, even in the driest weather ; as may be seen 
by the dew on a glass of water fi-esh drawn (roia a 
well in summer, fta elasticity at the freezing point is 
equal to 0.200-inch of mercury, and its force mcreasea 
in a geometrical progression for equal increments of 
temperature. 

We have elsewhere quoted and simplified the appli- 
cations of steam,* and, accordingly, here only notice 
its constitution, which could not with propriety be 

* See Mecmah ics, pp. 69 to 60, 
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omitted: for, as Sir Humphry Davy observes, ^the 
steam-engine in its rudest fonn was the result of a 
chemical experiment ; in its refined state, it required 
the combinations of all the most recondite principles of 
chemistry and mechanics; and that excellent philoso- 
pher who has given this wonderful instrument of power 
to civil society, jros led to the great improvements he 
made by the aiscoveries, of a kindred genius, on the 
heat absorbed when water becomes steam, and of the 
heat evolved when steam becomes water." 

MURIATIC ACID. 

TVhy is mutdatic acid gas termed^ in more modem 
nomenclature, hydrochloric add gas ? 

Because it consists of equal volumes of hydrogen 
and chlorine, mixed and exposed to light. The best 
mode of showing its composition,. is to introduce into 
a small but strong glass vessel a mixture of the two 
gases, and to inflame them by the electric spark ; no 
change of volume ensues, and muriatic acid gas re- 
sults. — Brande, 

Oil of vitriol poured upon common salt is a common 
method of purifying the. chambers of the sick ; the 
chlorine, which is thus produced, being a powerful dis- 
infectant. Common salt will remove fruit and wine 
stains from linen, from the salt being a compound of 
sodium and chlorine. Sir H. Davy observes upon the 
first of these processes, " When common salt is de- 
composed by oil of vitriol, it was usual to explain the 
phenomenon by saying, that the acid, by its superior 
affinity, • aided by heat, expelled the gas, and united to 
the soda. But, as neither muriatic acid nor soda exists 
in common salt, we must now modify the explanation, 
by saying, that the water of the oil of vitriol is first 
decomposed; its oxygen unites to the sodium, to form 
soda, which is seized on by the sulphuric acid, while 
the chlorine combines with the hydrogetf of the water, 
and exhales in the form of muriatic acid gas." 

i 3 
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Wkif is mvrioHc acH dissolved in tatUer, ealied spi- 
rit of salt f 

Because it is commonly procured by distilling a mix- 
ture of dilute sulphuric acid with common salt ; as, 32 
parts of salt, and 22 of sulphuric acid, diluted with one 
third its weight of water. The quantity of real acid 
In muriatic acid of different densiti|p, is best ascer- 
tained by the quantity of pure carbonate of lime, (Caf- 
rara marble, for instance) which a given weight of the 
acid dissolves. . Every 50 grains of the carbonate are 
equivalent to 37 of real acid. — Brande, 

Muriatic acid is much employed in the arts. It is 
the best test for silver : if a single drop be poured into 
any solution containing this metal, a copious precipi- 
tate ensues, owing to the affinity of this acid for the 
silver, and the insolubilitr of the muriate of silver thus 
formed. Muriatic acid dissolves tin and lead. 

Why is muriatic add recommended for cleaning old 
books and prints ? 

Because, though it removes the stains of common 
ink, it does not affect printers' ink. For the latter use, 
add half an ounce of red lead to three ounces of com- 
mon muriatic acid. Where writings have been effaced 
for fraudulent purposes with this acid, sulphuret of am- 
monia, andprussiate of potash, will revive the writing 
and discover the artifice. Very old writing may be 
revived in this way. If indigo and oxide of manga- 
nese be added to common ink, it will prevent its be- 
ing effaced by chlorine. — Parkes. 

With various bases, muriatic acid forms the salts 
called muriates ; and muriates, when in a state of dry- 
ness, are actually chlorides. 

NITROGEN. 

Why is nitrogen also caUed azote f 

Because anu^himal immersed m it is immediately 
suffocated (fi^om a, privative, and ^.)»7, life): but, if 
that term be taken in its strict sense, all gaseous bodies 
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(exempting atmospheric air) mi^ be included under 
it ; for even oxygen itself will not indefinitely support 
tife : inoreover, nitrogen, as it exists in the atmosphere, 
mixed with oxygen, appears to be absolutely essential 
to animal life ; for ng other gas can be substituted for 
it. If we conJtidiSr the term nitrogen as merely imply- 
Jmg that it ft a coinpbnent of nitric acid, it is explicit 
and tmobjectionable. We, therefore, adopt it Ia pre^ 
ference to that df azote. — Brands. 

Whether nitrogen is or is not a simple body has been 
much discussed among eminent chemists, without any 
conclusiye result. In Silliman's American Journal for 
1829, we read of a discovery of nitrogen gas issuing 
in almost a pure state from the earth, through three 
springs, in Hoosick, New York. According to Trous- 
set, the gas emitted by the skin is pure nitrogen ; and 
Mr. Faraday has proved that if sea-sand, after ignition, 
be handled, it will yield an azotic impregnation from 
the skin, which the sand itself would not do. 

Professor Emmett recommends the preparation of 
nitrogen by dipping zinc into fused nitrate of ammo- 
nia : it is instantly oxidized and dissolved, and nitrogen 
and ammoniacai gases are evolved. Every grain of 
the metalr frimishes nearly a cubic inch of the gas ; 
while the anunonia, which also escapes, becomes 
wholly condensed, as soon as it enters mto the water 
of the pneumatic cistern. 

Hliy is there so much nitrogen in atmospheric air^ 
seeing that it is injurious to animal life ? 

Because it dilutes and modifies tlie oxygen of the at- 
moi^here, so as to prevent too rapid combustion, and 
stimulating respiration. Dr. Lambe observes, that " if 
the proportions of oxygen and nitrogen were revers- 
ed in atmospheric air, the air taken in by respiration 
would be mpre stimulant, the circulation would become 
accela*ated, and all the secretions would be increased ; 
the tone of the vessels, thus stimulated to increased ac- 
tion, would be destroyed by over excitement, and, if 
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the supply ftom the stomach were not equal to the eon- 
Bumptioo, the body must inevitably waste and decay. 

Why is nitrous oxide popularly caiUed ^laughing' 
gas"? 

Because it produces a certain degree of pleasurable 
excitement, otlen accompanied by laughter, in those 
who inhale it. It was discovered by Dr. A*iest4ey, in 
1772, but AVas first accurately investigated by Sir Hum- 
phry Davy, in 1779. The best niode'of procuring it 
18 to expose nitrate of ammonia to the flame of an ar- 
gand lamp, in a glass retort. • When the temperature 
reaches 400® Falireriheil, a Whitish cloud will begin 
to project itself into the neck of the retort, accompanied 
by the copious evolution of gas, which must be col- 
lected over mercury for accurate researches, but Ibr 
common experiments may be received over water. 

In Sir Humphry Davy's volume of i2e«earcW, con- 
cerning nitrous oxide, are many interesting details of 
its effects when respired. Sir Humphry describes those 
upon himaolf thus : — ^" Having previously closed my 
nostrils and exhausted my lungs, I breathed four quarts 
of nitrous oxide fi*om and into a silk bag. The first 
flings were similar to giddiness ; but in less than 
half a minute, the respiration being continued, they 
diminished gradually, and were succeeded by a sen- 
sation analogous to gentle pressure on all the muscles, 
attended by an highly pleasurable thrilhng, particular- 
ly in the chest and the extremities. The objects around 
me became dazzling, and my hearing more acute. 
Towards the last inspiration the thrilling increased, 
and at last an irresistible propensity to action was in- 
dulged in. I recollect but indistinctly what followed : 
I know that my motions were various and viqlent. 
These effects very soon ceased after respiration. In 
ten minutes I had recovered my natural state of mind. 
The thrilling in the extremities continued longer than 
the other sensations. . Almost every one who has 
breathed tliis gas, has observed the same things. On 
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9Dme few, indeed, it has no effect whatever, and on 
others the effects are always painful." The experiment 
cannot be made with Impunity, especially by those 
who are liable to a determination of blood to tlie head. 

Why is ntii§c acid so caUedf 

Becaus^U is usrttally obtained by distilling purified 
nitre with sulphitfic acid ; this, however, is omy suffi- 
ciently pure for ordinary purposes. 

Nitric acid stains the greater number of animal sub- 
stances of a yellow colour, and is hence used in pro- 
ducing yellow patterns upon coloured or woollen goods; 
it is used in fumigations, to destroy conta^ous and 
infectious matter, more especially in inhabited apart- 
ments, where chlorine would prove injurious. For this 
purpose, nitrate of potassa (nitre) and sulphuric acid 
are mixed in a saucer, and the evolution of the acid 
vapour aided by a gentle heat. In pharmacy, and a 
variety of other processes, it is susceptible of interest- 
ing apolications : it is used for etching on copper, and 
as a solvent for tin,* in the preparation of valuable 
mordants, used by dyers and calico printers. It is an 
important agent in metallurgy, and especially in the 
art of assaying. — Brande. 

For the purposes of the arts, it is commonly used in 
a diluted state, and contaminated with the sulphuric 
and muriatic acids, by the name of aquafortis. A com- 
pound, made by mixing two parts of the nitric acid 
with one of muriatic, known formerly by the name of 
aqua regia^ and now by thatof nt^ro-murto^tc acid^ has 
the property of dissolving gold and platina. 

H^ is oxalic add also caUed acid of sugar ? 
Because it is most commonly procured by the action 
of nitrie acid on sugar. 

* In a leeent German Journal, M. Mitacherlich mentions that iron, 
tia, and several other metals, may be put into, and even boiled in 
nitric acid, of 1.5S3 specific gravity, without the least effect ; whilst 
nnc is immediaiely oxidized and dissolved. 
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y^HMONIA. 

Whf X8 ammonia also called volaHle cdkali^ 

Because it converts most vegetable blues to green, 
and the yellows to red — ^properties whicb belong to the 
alkalies. The change of colour t}\^s effected by am- 
monia is, however, distinguished from that produced 
by the fixed alkalies, by the return of the original tint, 
when the ammonia flies off by exposure. It saturates 
the acids, and produces an important class of ammo- 
niacal salts, which are recognised by the evolution of 
ammonia, when they are triturated with potassa, soda, 
or lime. — Brandt, 

Why %8 sal ammoniac so called ^ 

Because it was first made in the neighbourhood of 
the temple of Jupiter Ammon. According to Pliny, 
there were large inns in the vicinity of this famous 
temple, where the pilgrims, who came to worship, 
lodged ; and who usually travelled on camels. The 
proprietors of these stables had some contrivance for 
preparing and concentrating the urine of these beasts, 
and the salts which it produced were aflerwards sub- 
limed in glass vessels for sale. Another account is, 
that ammoniacal salt was abundantly obtained from 
the blood of the victims who were slaughtered in hon- 
our of the 'god. 

Why should liquid ammonia be kept in weU-siopped 
bottles f 

Because it loses ammonia, and absorbs carbonic 
acid, when exposed to the air. 

Why is ammonia generally used in a liquid stale $ 
Because, beinff next to hydrogen and carburetted 
hydrogen, the lightest of all the gaseous bodies, it has 
a great affinity for water. Now, though water is in- 
capable of dissolving either hydrogen or nitrogen, yet 
when these are united in ammonia, their nature is so 
changed, that they become very soluble in water ; that 
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fluid haying the power of taking up and condensinff 
nearly 670 times its own built of ammoniacal gas ; and 
when thua saturated, the solution is lighter than an 
equal volume of water, in the proportion of 875 to 1000. 

H^y is ami^ia important in dyeing^ 
•Because of Ib9. extensive use in making archil. A 
Florentine lAer^lfent, about the year 1300, having ac- 
cidentally observed that stale urine, which always 
contains ammonia, imparted a very fine colour to a 
certain species of moss, &c., made experiments, and 
thus learned to prepare archil. — BtrthoUtU 

A recent French Journal states, that aqua ammonia 
will give to new brandy all the qualities of that of the 
oldest date. Five or six drops of the ammonia are to 
be poured into each bottle of brandy, and shaken well, 
that it may combine with the acid, on which the taste 
and otlier qualities of the new liquor tlepend. 

JVky is ammonia so abundantly found in nature ? 

Because all putrifying animal and vegetable sub- 
stances iurnish it, in proportion to the quantity of ni- 
trogen which they c()ntain. It is, ho wever, no w gene- 
rally procured by dry distillation of bones, horns, &c. 
Besides various uses in the arts, in chemical researches, 
and in medicine, ammonia combines with carbonic 
acid, and forms the article known as volatile saUsj 
which are likewise obtained from coal soot, and from 
the waste liquor collected in the manufactories of coal 
gas.. It has al«> an useful domestic application in aid- 
mg the lightness of bread ; which is explained by its 
great volatility, and the heat of baking. Another and 
more extensively useflil combioation of ammonia, is 
with muriatiQt.acid, forming muriate of ammonia, or 
sal ammoniac, originally fabricated in Egypt, from the 
soot of the dung of camels, burnt as fuel. It is now 
made in Europe, and is used by dyers to prevent tin 
from precipitating ; in tinning metals, to cleanse the 
wir&ce, and prevent tbem oxidizing by heat ; and in 
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the aasay of metals, to discover the piiesence of iroii ; 
dissolved in nitric acid, it also forms the aqua regia 
of commerce. 

Native ammooiais fbiukd in the vicinity, of volcanoes, 
in some of the mountains of Tartary aifi ThM^et, and 
in some of the Tuscan likes. It has also been deteq^d 
by Dr. Marcet in seawater. On pH coal it may alao 
be sometimes seen in a yellowish white powder. 

Why 18 old deoompogted dung comparaiivdy vadess as 
manure ? 

Because, as soon as dung begins to decompose, it 
throws off its volatile parte, which are the most valu- 
.able and most efficient. 

Why is soot a powerful manure $ 

Because it possesses ammoniacal salt, empyrenmatic 
oil, and charcoal, which is capable of being rendered 
soluble by the action of oxygoi, or pure vital air. 

Why aart the stem xmd leaves ofdhe beet-root valuable ? 

Because, when dried and burned, they yield ashes 
-SO rich in alkali, that it mehs easily by heat, and sur- 
. passes many of the common varieties of potassa. 

SULPHUR. 

Why are common pyrites roasted to obtain sylphurf 
Because, the fumes being received into a long cham- 
ber of brickwork, the sulphur is gradually deposited ; 
it is then purified by fumn, and cast into sticks. 

Why wiU a roll of sulphur^ tahen suddenly seized in 
a warm handy craMe, and sometimes fall in pieces^ 

Because the action of heat is unequal, tne sulphur 
conducting it but slowly, and having little poww of 
cohesion. 

Sulphur is one of the few elements which occur in 
nature in their simple form. It is a well knovtrn mi- 
neral substance, ibund in large quantities in the neigh- 
bourhood of volcanoes, and as an article of o<Hmn6roe 
is chiefly brought ^m the Mediterranean. The e^^wts 
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of heat upon suljj^ur are very curious. It is readily 
melted and volatilized, and begins to evaporate at 170 , 
and to fiise at lOS"*. At 220'=* it becomes completely 
fluid; between 226*=* and 228'=' it begins to crystallize; 
between 290*=" and 284*=^ it is as liquid as clear varnish, 
and of an amber colour ; at about 320"^ it begins to 
thiekertj and acquire a red colour, and on increasing 
the heat, it l)ecomes so thick that it will not pour. Be* 
tween 428** and 572°, the colour is a red brown ; from 
572° to the boiling point it becomes thinner, but never 
so fluid as at 248° ; the deep red brown colour continues 
till it boils. It sublimes (this term is used to denote 
the evaporation of a solid) at 600°, and condenses into 
the form of a jjowder, or, as it is termed, ofjlowers* 
When poured into water, in complete fusion, it be- 
comes of the consistency of wax, and of a red colour ; 
it may then be used for taking impressions from en- 
graved stones, and hardens upon cooling. In a French 
Journal we read, ^' though it is well koown that sul- 
phur which has been recently fused does not immedi- 
ately recover its former properties, no one suspected 
that it required whole months, and even a longer pe- 
riod, fully to restore it" 

Why is svhlimed stdphur,for deUcaU pfwrpoata^ voasked 
wiih hot water 7 

Because it is always slightly sour. The purity of 
sulphur may be estinuited bv mdually heating it upon 
a piece of platinum leaf; if free from earthy impuri- 
ties, it should totally evaporate. It should also be per- 
fectly soluble in boiling oil of turpentine. 

ffhy is sidpkuretUd hfdn^en of etuy production 7 
Because sulphur, in its orcunary state, always con- 
tains hydrogen, which it gives ofi^ during the action of 
various bodies for which it has a powerful attraction. 
Berzelius, by heating sulphur with oxide of lead, re- 
marked the fi>rmation of water, but in such small and 
indefinite quantities, as induced him to adopt the gen- 
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erally received opinion, that the presence of hydFogeD 
18 accidefita], and that it is not an element of sulphur. 
This illustration is quoted by Mr. Brande in his valu- 
able Manual. It is indeed simple and beautiful, siuce 
the reader need not be reminded of the ready produc* 
tion of oxygen frova. heating oxide of lead, and the for- 
mation of water by the combinaiion of oxygen and 
hydrogen. 

Of all the gases, sulphuretted hydrogen is perhaps 
the most deleterious to animal life. A green-fiucn, 
plunged into air which contains only l-1500th of its vo- 
lume, perishes instantly. A dog of middle size is de- 
stroyed in air that contains 1 -800th ; and a horse would 
fsW a victim to an atmosphere containing 1 -2.50th. 
Dr. Chaussier proves, that to kill an animal, it is suffi- 
cient to make the sulphuretted hydrogen gas act on 
the Bur&ce of its body, when it is absorbed by the in- 
halants. 

Why is sulphur used in Meaching^ 

Because, wnen burned, its fumes combine with the 
oxygen of the atmosphere, and thus produce sulphur- 
ous acid gas. This first reddens blue colours and 
then destroys them : it is much used in whitening silk 
and straw-work. According to Pliny, it was used in 
his time for bleaching wool. Upon some colouring 
matters, however, as that of cochineal, sulphurous 
acid has scarcely any action ; and when it does destroy 
colour, the original tint may oflen be recovered by a 
stronger acid. A red rose, for instance^ is bleached by 
dipping into a solution of sulphurous acid ; but the col- 
our is restored by immersion in dUuted sulphuric acid. 

Why has a gun a peculiar smell afler firing ? 

Because of the sulphuret of potash formed by the 
exploded sulphur and nitre of tne gunpowder. 

SULPHURIC ACID. 

Why is water necessary, unth svlphxvrous add oxygen^ 
to produce sulphuric acta 7 
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Because the acid gradually unites with a further 
proportion of oxygen, and the compound is taken up 
by the water. When sulphur is burned in dry oxygen 
gas, there is no change of volume. Again, on the mix-* 
ture or dilution of sulphuric acid, great heat is given 
out by the fiir^er admixture of oxygen. Four parts 
of acid and one of water, produce, when suddenly 
mixed, a temperaturessSOO"'. According to Dr. Ure, 
the greatest heat is evolved by mixing 73 of acid with 
27 of water. 

Sulphuric acid is also obtained without nitre, by a 
patented process invented by Mr. HilL "Coarsely 
powdered iron pyrites are suomitted to a red heat, in 
cylinders communicating with a leaden chamber con- 
taining water ; part of the sulphur, as it burns out of 
the pyrites, appears at once to pass into the state of 
sulphuric acid.*' — Brandt. 

Native sulphuric acid is not uncommon. In 1829, 
M. Egidi, druggist of Ascoli, witnessed in a spacious 
cavern a violent disengagement of sulphuric hydrogen, 
which, in contact with atmospheric air, became gradu- 
ally decomposed, and produced water and sulphur ; the 
latter deposited on the sides of the cavern, and princi- 
4>aiiy formed sulphates of lime crystallized; and lastly, 
sulphuric acid, running down the sides of the cavern. 
Professor Eaton describes the natural occurrence of 
sulphuric acid in large quantities, both in a diluted 
and a concentrated state, in the tovni of Byron, ten 
miles south of the Erie canal. The place has been 
known in the vicinity, for seventeen years, by the name 
of the sour springs, and consists of a hillock 230 f?et 
long and 100 broad, of an ash-coloured alluvion, con- 
taining an immense quantity of exceedingly minute 
grains of iron pyrites : it is mostly covered with a coat 
of charred vegetable matter four or five inches thick, 
and black as charcoal ; the same kind of matter extends 
on all sides, fix)m the base of the hillock over the 
plam. Its charred state is caused wholly by the 

m2 
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sulphuric acid. In wet spring seasons, plants flow- 
ered on this hillock sooner than on the adjoining 
grounds ; but as soon as the spring rains began to de- 
cline, then the vegetables withered away, and appeared 
as if scorched. About two miles east of this place is 
another sulphuric acid spring, still morf remarkable in 
one respect. The quantity of water from this spring 
is in sufficient quantity to turn a light grist-mill ; and 
yet there is so much sulphuric acid present in it, that 
the stream will constantly redden \ iolets, and its water 
coagulate milk. It is supposed that the sulphuric acid 
is produced in some wa^ by the decomposition of the 
pyrites in the soil. — SiUiman, 

Cases of poisoning by sulphuric acid are not unfre- 
quent ; the best antidotes are copious draughts of chalk 
and water, and of carbonate of magnesia and water. — 
Chfla. 

Why is sulphuric cicid also called oH of vHriol ? 

Because it was formerly obtained by the distillation 
of green vitriol. It is now procured by burning a 
mixture of about 8 parts of sulphur, and of nitre, in 
close leaden chambers contoining water, by which the 
fumes produced are absorbed, and by evaporation the 
acid is procured in a more concentrated state. — Parkes. 

Why should sulphuric acid always be kept closely 
stopped f 

Because it rapidly absorbs water from the atmos- 
phere ; so that, in moist weather, 3 parts by weight 
mcreasejto 4 in 24 hours. 

Why is sulphuric acid importanl in dyeing bluef 
Because it mstantly dissolves indigo, which, at first 

deep purple, becomes blue by exposure to air, or by 

dilution. 

PHOSPHORUS. 

Why is phosphorus obtainable from bone earths 
Because of tne phosphate of lime in bones ; which. 
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with water and sulphuric acid, yields phosphoric acid ; 
this, mixed with charcoal, and distilled, fields phos- 
phoret of carbon, and this by re-distillatioii becomes 
phosphorus. Th^nard is of opinion that phosphorus 
cannot be entirely freed fiom charcoal, a nunute quan- 
tity of which does not impau:^ its whiteness. Does not 
this illustrate its easy combustion ? 

Mr. Parkes notes that phosphorus was accidentally 
discovered at Hamburg, in 1669, by an alchemist 
named Brandt, in his search after gold ; and two years 
afterwards, one Kraft brought a small piece of phos- 
phorus to London, on purpose to show it to the king 
and queen of En^and. Mr. Boyle afterwards dis- 
covered the process, which he described in the PhUo- 
sophieal Transactions for 1680, and in a little book 
wnich he published in the same year, entitled the 
Aerial McHluca. Mr. Boyle instructed Mr. Godfrey 
Hankwitz, of London, how to procure it from urine, so 
that he was the first who made it for sale in England ; 
and he continued to supply all Europe with it for 
many years. 

Why does phosphorus shine in the air in the dark^ with 
a pale 6/ue light f 

Because of its very slow combustion, which is at- 
tended by the production of acid : b^nce the necessity 
of preserving it in water ; this has a luminous property 
when agitated. The combustion ceases in close ves- 
sels, as soon as the greater part of the oxygen has been 
absorbed. This light is caused by a white smoke ; but 
in air perfectly dry, phosphorus does not smoke, be- 
cause the acid which is formed, and closely encases the 
combustible, screens it from the atmospherical oxygen 

In the vacuum of the air-pump, phosphorus, in 
small pieces loosely enveloped in cotton, will generally 
inflame, and bum for some time, with a pale blue 
light : and, in the same ch-cnimstances, it more readily 
kmdles if sprinkled with powdered resin or sulphur ; 
alone, it does not inflame. — Brande. 

m3 
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M. Osam has deBcribed, in the BuUeHn Unkferadf 
several new solar phosphori, which are fiir more power- 
ful than those previously known. The curious reader 
will find thena in the ,Areana of Science for 1829, See 
also page 53 of the present volume. 

Phosphorescent phenomena are not uncommon in 
nature. Phosphorescent fluor spar has lately been 
found in Siberia and Cornwall. The luminousness 
of the sea, especially in stormy weather, is supposed 
to be a phenomenon of this class ; but its cause is in- 
volved m too much controversy for place here : it was 
formerly believed to be caused by the electrical friction 
of the waves, which explanation is no longer admit- 
ted. Humboldt attributes it to certain shining raol^ 
luscflB, which emit light at pleasure, and to the de- 
composed parts of dead medusae, &c.* We have 
elsewhere cursorily noticed the properties of certain 
phosphorescent bodies. (See p. 52.) 
^ Phosphoretted hydrogen may be employed in some 
simple experiments. Thus, when bubbles of it are 
sent up into a jar of oxygen, they bum with much 
splendour: in chlorine, sIk^, they bum with a beauti- 
ful pale blue light 

Why are brimstone matches wed in phosphoric fire- 
boxes 7 

Because the sulphur of the match readily combines 
with the phosphoms in the botlle, by friction against 
cork or wood, and inflames : indeed, phosphorus and 
sulphur combined are more inflammable than phos- 
phorus. 

Why is it d^fficuU to light paper by the Jlame of phos- 
phorus^ 

Because the paper becomes covered and protected 
by the acid formed by the combustion of the phospho- 

* The best recent paper on the subject (for the controversy is still 
rife among naturalists) will be found in the Maffaivne ofj^atural ISm- 
tory, for July, 1830. 
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When perfectly dry, phosphoitto inflames at a 
temperature of 60^. 

Whtf 18 the phenomenon caUed ^^WtOH^^'the-Wisp^ 
^^toducedf 

Because of the phosphuretted hydrogen gas in stag- 
nant waters and marshy groi..cii£i; its ori^ being 
OTobably in &e decomposition of animal substances. 
The peculiar odour ot fishes, when putrifying, arises 
fix>m the emission of this gas. 

COAL OAS. 

ffky does cocdj subjected in dose vessds to a red heat^ 
produce gas f 

Because the carbon and bitumen, of which the coal 
consists, thus become volatilized ; and hydrogen, hold- 
ing carbon in solution, is the result : this gas, combining 
with the oxygen of the atmosphere, produces combus- 
tion and flame. These gaseous products contcdn also 
more or less sulphuretted hydrogen, and carbonic oxide 
and acid. Dr. Henry conceives that gas to have the 
greatest illuminating power, which, in a given volume, 
consumes the largest quantity of oxygen. 

Dr. Clayton seems to have been the first who per- 
formed this experiment, with the view of artificial illu- 
mination ; though its application to economical pur- 
poses was unaccountably neglected for about sixty 
years. At length, Mr. Murdoch, of the Soho Foundry, 
mstltuted a series of judicious experiments on the ex- 
trication of gas fi-om the ignited coal ; and succeeded 
in establishing one of the most capital improvements 
which the arts of life have ever derived from philoso- 
phical research and sagacity. — Ure, 

The coal is placed in oblong cast-iron cylinders or 
retorts, which are ranged in furnaces, to keep them at 
a red heat, and all the volatile products axe conveyed 
by a common tube into a condensing vessel, kept cold 
by immersion in water ; and in which, the water, tar. 
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pitch, ttnmoniacal and other condensaUe Tapours, are 
retained. — Brandt. 

The production of hydrpgen gas in a tobacco-pipe, 
by filling the bowl with powdered coal, then luting it 
over, and placing it in a fire, — ^is well known ; but even 
more fiimiliar are the alternate bursting out and ex- 
tinction of those burning jets of pitchy vapour, which, 
as Dr. Amott aptly observes,. ** contribute to render a 
common fire an object so lively, and of such agreeable 
contemplation in the winter evenings." 

ffhy wa$ gas adopted in cotton-miUa soon after its 
invention ? 

Because of the peculiar softness, clearness, and un- 
varying mtensity of its light. Its being fi*ee fi*om the 
inconvenience and danger resulting from the sparii:s 
and finequent snufiSng or candles, is a circumstance of 
material importance, tending to diminish the hazard 
of fire, and lessening the high insurance premium on 
cotton-mills. 

Mr. Brande illustrates the economy of gas illumina- 
tion, by escaminmg the value of the products of distil- 
lation of a chaldron of coals, the average cost of which 
may be (considered as £2. It should afford 

11 Chaldron of Coke, at 30s £15 

94 Gallons of Tor and Ammoniacal Liquor at Id . 3 
1900 cubic feet of Gas, at 138. per 100 C. F. . 7 16 

j£9 3 

The history and economy of gas-lighting have been 
copiously illustrated in several volumes exclusively 
devoted to the subject ; as well as by the experiment- 
ing skill of some eminent chemists, as Messrs. Henry, 
Brande, Ure, Accum, and others. From one of these 
works, aided by the Reports of the late Sir William 
Congreve, we learn that in the year 1814 there was 
only one gasometer in Peter-street, Westminster, of 
14,000 cubic feet, belonging to the Chartered Gas 
Light Company, then the only company established in 
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LondoB. In 1BS7 there were four great cmefpomoB^ 
having, altogether, gasometers at work capable of con- 
taining in die whole 917^940 cubic feet c^f gas, sup- 
plied by 1,315 retorts, and these , consuming 33fib0 
chaldrons of coal in the year, producing 41,0^ chal- 
drons of coke ; the whole quantity of gas generated 
annually being upwards of ^7,000,000 cubic feet ; by 
which 61,203 private, and 7,268 public or street, lamps 
are lighted, in the metropolis. In addition to these 
great companies, there were several private establish- 
ments, whose operations are not included in the fore- 
going statements ; for, it appears that where more than 
fifty lights are required, a coal-gas apparatus will be 
found profitable. Thus, the gas for the office of the 
MornmgChranide newspaper is made on the premises. 
According to Mr. Murdoch's statement, presented to 
the Royal Society, 2,500 feet of gas were generated 
fi^m 7 cwt.== 784 lb. of cannel coal. This is nearly 
3i cubic feet for every pound of coal, and indicates 
judicious management. The price of the best Wigan 
cannel is l^d, per cwt. delivered at Manchester ; or 
about 8*. for the 7 cwt. About one-third of the above 
quantity of good common coal, at 10*. per ton, is re- 
quired for fiiel to heat the retorts. Nearly two-thirds 
of the weight of the coal remain in the retort, in the 
form of coke, which is sold on the spot at 1*. 4d, per 
cwt. The quantity of tar produced from each ton of 
cannel coal, is fix)m 11 to 12 ale gallons. This tar is 
now extensively used as paint for out-buildings, &c. ; 
and the ammoniacal liquor, also a result of the process, 
is turned to still more advantageous account, in the 
manufacture of carbonate of ammonia ; (see p» 119) so 
that nothing is lost. 

Whs is it necessary that the cylinders or retorts should 
hereJhotf 

Because the gas may be produced instantly the coals 
are introduced. I^ on me other hand, coal be put 
into a coal retort, and slowly exposed to heat, its bitu- 
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men iitfserely volatilized, in the state of condensable 
tar. Little gas, and that of inferior illuminating power, 
is then produped. 

ffhy does coke bum vnUiout smoke $ 
• Because it is the distilled coal remaining in the re- 
torts after the above process, and is consequently freed 
from all gases and vapours. Dr. Amott observes, that 
^ a, pound of coke |)roduces nearly as much heat as a 
pound of coal ; but we must remember that a pound 
of coal gives only three-quarters of a pound of coke, 
although the latter is more bulky than the former." 

Why are the gaseous products passed through quick- 
lime and water ? 

Because the sulphuretted hydrogen, and carbonic 
oxide and acid, may thus be absorbed ; while the car- 
buretted hydrogen gases are transmitted sufficiently 
pure for use into gasometers, whence the pipes issue 
ror the supply of streets, houses, &c. 

Why is a gasometer so called ? 

Because it enables the manufacturers of gas to mjetCy 
or measure, with "accuracy, the quantity of gas ex- 
pended, in proportion to the number of jets or burners 
made use of. The essential conditions of any appara- 
tus for this purpose, are, that the pressure on the gas, 
while passing through the measurer, shall at all times 
be uniform : and that it shall register truly when that 
pressure is very small, and when the current gf gas is 
veiy feeble. 

The gas is conveyed or laid on to the premises of the 
consumers, by pipes called mmns, which, in Londcm, 
in the year 1824, extended 900 miles. Other methods, 
have, however, been adopted Cof its conveyance ; and, 
in 1827, there was at Manchester an itinerant gaso- 
meter, capable of holding more than 1000 cubic feet 
of gas ; this being mounted upon wheels, and filled 
with gas from the gasometer at the works, was trans- 
ported about the streets of Manchester, and delivered 
into the gas-holders of the Company's customers. 
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Why is U important that the holes in (he gasikumer 
he not too lars^e ? 

Because,!^ this point be not attended to, the gas wiU 
be incompletely burnt Increased length of flame 
makes imperfect combustion, and diminished intensity 
of light. 

Mr. Accum gives the following interesting statement 
of gas-buraei^. "An argand burner,' which measures 
in the upper rim half an inch in diameter between the 
holes from which the gas issues, when furnished with 
^ve apertures, l-25th part of an inch in diameter, con- 
sumes two cubic feet of gas in an hour, when the gas 
flame is 1^ inch high. The illuminating power of this 
burner is equal to tliree tallow candles, eight in the 
pound. An argand burner, three-£>urths of an inch 
in diameter, as above, and perforated with holes l-30th 
of an inch in diameter (probably fifteen in number) 
consumes three cubic feet of gas in an hour, when the 
flame is 24 inches li^gji ; giving the light of four can- 
dles, eight to the pound. And an argand burner, 
seven-eighths of an inch diameter, as above, perforated 
with eighteen holes, l-32nd of an inch diameter, con- 
sunies, when the flame is three inches high, four cubic 
feet of gas per hour, producing the light of six tallow 
candles, eight to the pound. The height of the glass 
chimney should never be less than five inches. 

Why is cannel coed best adapted for distillation^ 
Because it contains most bitumen, and least sulphur. 
A pound of good cannel coal, properly treated in a 
jsmall apparatus, will yield five cubic feet of gas ; equi- 
valent in illuminating power to a mould candle, six 
in the pound. On a great scale, however, 3i cubic 
feet of good gas are all that should be expected from 
one pound or coal. A gas jet, which consumes half a 
cubic foot per hour, affords a steady light equal to that 
of the above candle. 

Why does carburetted hydrogen give ovt, during its 
ambustum, much more light than the svbcarburetted^ 
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Beotiue of the larger quantity of carbon disensaged 
l^ the former; but if the mixture with oxygen oe in 
such proportions as a^once to bum the whole of the 
charcoal in its gaseous combinations, without previous 
deposition, the light becomes blue, and is greatly re- 
duced in intensity. 

fVhy is the flame of a candle of variotu colours f 
Because of the different stages of combustion in it» 
Thus, at the bottom part, where the inflammable gases 
are given off in the smaUest quantity, and where they 
are most intimately mixed with the air, the combus- 
tion is at once complete, and the light is blue and fiunt ; 
the centre part, where the particles of charcoal, owing 
to a leas admixture of oxygen, are thrown off in a solid 
state, and become incandescent before they are finally 
burnt, is white and highly brilliant ; and the upper, 
where the charcoal is in still greater quaotity, and 
much of it finally escapes combustion, is red and dull, 
as is seen when a canale requires snuffing. 

Dr. Ure, a few years since, made a set of experiments 
on the relative intensities of light, and duration of dif^ 
ferent candles, the result of which is contained in the 
following table : — 



£cono-| Candles 
my of equal 1 



Number in a 
pound. 



10 Mould 

10 Dipped 
8 Mould 
editto . 
4 ditto 

Argand oil 

Flame. 



Duration 

of a 
Candle. 



5 h. 9 m. 
4 3Q 

6 31 

7 S| 
9 36 



Weight 

in 
grains. 



682 

672 

856 

1160 

1787 



6ra. con- 
sumed 
per hour. 



132 
150 
132 
163 
186 

512 



Propor- 
tion of 
light. 



69.4 



light. 



68 

654 

S9{ 

66 

80 

,100 



Argand. 



5.7 

5JSS 

6.6 

5.0 

3.5 



Why do those flames, whose prodttcts are ohlygasefms 
matter, ginje very little light ? 

Because the quantity of light which flame emits is 
dependent upon the incandescence of minute particles 
of solid matter, which are thrown off during combus- 
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tion. The lieht of a stream of ignited hydiogen is 
BCBTcely visible in the day-li^t ; but if a small coU of 
platinum wire be suspended in it, or some solid body, 
in very fine powder, such as the oxide of zinc, be pro- 
jected through it, it becomes very luminous. 

Olli OAS. 

Why i$ otZ ^as cheaper than coal gaa $ 
Because punfied coal gas seldom contains more than 
40 per cent in volume of olefiant gas, while oil gas 
generally afibrds about 75 per cent : hence its superi- 
ority for burning, and the relatively small- quantity 
consumed. Thus oU, by being allowed to trickle into 
a redhot retort, half filled with coke or pieces of brick, 
to increase the heated sur&ce, is decomposed, and 
yields a large quantity of gas, which is much richer in 
carburetted hydrosen than coal gas, and therefore 
much better fitted ror the purposes of illumination. It 
contains no mixture of sulphuretted hydrogen, and re- 
quires no other purification than passing through a re- 
mgerator ; and as less of it is reauired for any given 
quantity of light, the atmosphere oi a room is less heated 
and contaminated by its combustion. It is, however, 
considerably more expensive than the gas fix)m coal ; 
although the first outlay of capital fi)r a manufactory 
upon a large scale is less, on account of the smaller 
size of the necessary pipes and apparatus. The com- 
monest whale oil, or even pUchard-dregs, quite unfit 
for burning in the usual way, aSbrd abundance of ex- 
cellent gas. A gallon of whale oil afibrds about 90 
cubical feet of gas, of an average specific gravity of 
O.d0O ; and an argand bumer, equal to seven candles, 
consumes a cubical foot and a htuf per hour. Its eco- 
nomy may be judged fi!om the following table : — 

Argand burner, oil gas, per hour Id. 

Lroand lamns. snennaceti oil 3a. 



Argand lamps, spermaceti oil 
Mould candle 
Wax candles 
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Mr. Brande adds, that a pint of the best aperm oil, 
weighing about 13 ounces, bums, in a well trimmed 
argand, about ten hours. And by a series of experi- 
ments, conducted with every requisite caution, he 
found, that to produce the light of ten wax candles fi>r 
one hour, there were required — 

SMOO cubical inches of pore carburetted hydrogen, or olefiant gas. 

4875 oil gas. 

13120 coal gas. 

Why is oU used by the Portable Gas Company f 
Because they are enabled to compress the gaseous 
matter obtained from oil to about one-thirtieth of its 
volume, or into a certain new liquid compound, colour- 
less or opalescent, yellow by transmitted, green by re- 
flected light ; and combustible, burning with a dense 
flame. Hence its portability. When the bottle con- 
taining it is opened, evaporation takes place from the 
surface of the liquid ;but this vapour soon ceases, and 
the remainder is comparatively fixed. 

Why is gas from wood biU iil adapted for illumirui^ 
tion^ 

Because it is so deficient in the compounds of car- 
bon and hydrogen. In manufactories, however, of 
charcoal in iron retorts, for the making of gunpowder,, 
the gas which is given off is led by a pipe under the 
cylinders, and is economically employed in maintain- 
ing their heat. 

ROSIN -OAS. 

Why is rosin gas even more advantageous than oU gas ? 

Because rosin is of lower price, and less liable to 
fluctuations of value, than oil : indeed, the cost of the 
gas is stated at one-fourth that of oil ; and the illumi- 
nating power of rosin gas, when compared with that 
from coal, is as two and a half to one, while it is of 
greater purity than that fi'om coal or oil. 

For the origin of this improvement we are indebted 
to Mr. J. F. Daniell, the distinguished meteorologist : 
his mode of treating the rosin is, to dissolve by gentle 
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iieat flibouf 8 lbs. in a gallon of the essential oil, which 
is plentifully formed d bring the composition of oil for 
making gas, or of rosin itself. This solution was al- 
lowed to trickle into the heated retort half filled with 
coke : thus, from 1000 to 1200 cubit feet of gas are 
obtained from 1 cwt. of rosin, and rather more than 
the original quantity of volatile oil is condensed, which 
is again employed for the solution. Mr. Daniell pa- 
tented this means about three years since, and an ap- 
jiaratus on the plan has been erected by M. Martineau 
for the London Institution. 

The burners consume about 1000 cubit feet of gas 
per day, obtained by 100 lbs. of common rosin, at about 
6«., dropped with oil of tuqientine on heated iron 
cylinders, in the proportion of 10 gallons of turpentine 
to 100 lbs. rosin ; but the cost of tlie turpentine is not 
included iti the 6^., as the same oil may be used over 
and over again, for any length of time. 

Mr. Brande thus illustrates the advantages of rosin 
gas: — "The sources of supply are as inexhaustible, 
and more generally distributed, than those of the coal ; 
and the forests of America, France, Sfiain, and Italy, 
yield the turpentine in quantities only limited by the 
demand. Many large towns in this country, in Ame- 
rica, France, Holland, and the Netherlands, have al- 
ready adopted the use of this gas. The elegance and 
fiiinplicity of the manufacture, and the comparatively 
small capital required for the erection of the works, 
will also give it the preference in the creation of new 
establishments." 

Returning to the comparative value of different 
hydro-carbu retted gases, for the purpose of iUumina- 
tjon, it seems evident, from Dr. Henry's experience, 
tbaty whatever be their source or composition, it may 
be most accurately determined by the quantity of oxy- 
gen required to saturate equal volumes. In other 
words, quotes Mr. Brande, the illuminating powers of 

n2 
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the different gasei will be proportioned to the number 
of volumes of the gaseous carbon condensed into one 
Tolume of the gas; and of these, the oxygen consum- 
ed, and die caibonic acid produced, afford an accurate 
measure. 

HTBROCTAiriC ACID. 

Whf 18 hydrocyame acid so ca^ed ? 

Because it consists of hydrogen, and a gaseous com- 
pound, cyanogen, so stjrled by M. Gay Lussac, because 
It is the principle which generates blue, from two 
Greek words, signifying the blue-maker: or it may be 
obtained by means of Prussian blue ; whence it is also 
called prussic acid. The acid thus obtained, has a 
strong pungent odour, rery like that of bitter almond ; 
its taste is acrid, and it is highly poisonous, so that the 
inhalation of its vapour should be avoided. It volati- 
lizes to rapidly as to freeze itself. 

From the experiments of M. Majendie, it appears^ 
that the pure hydrocyanic acid is the most violent of 
all poisons. When a rod dipped into it is brought in 
contact with the tongue of an animal, death ensues 
before the rod can be withdrawn. If a bird be held a 
moment over the mouth of a phial containing this acidi, 
it dies. In the ArmaUa de Chimie for 1814, we find 
this notice : M. B., Professor of Chemistry, left by ac- 
cident upon a table, a flask containing alcohol im- 
pregnated with prussic acid ; the servant, enticed by 
the agreeable flavour of the Uquid, swallowed a small 
glass of it. In two minutes, she dropped down dead, 
as if struct^ with apoplexy. 

Hydrocyanic acid may gfenerally be detected by its 
very peculiar odour. S(iheele supplies this test : to the 
suspected liquid add a. solution of green vitriol or cop- 
peras, and afterwards drop in pure potassa in slight 
excess, and after a short exposure to the air, redissoTve 
the precipitate in muriatic acid. If hydrocyanic acid 
be present, the tint of prussian blue mil appear. By 
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this meaiis one t^i-thousandth part of the acid may be 
detected in water* Another test, in which copper is 
used, will, however, detect one twenty-thousandth of 
the acid in water. We must render the, liquid con- 
tainiog the hydrocyanic acid slightly alkaline with 
potas^ add a few drops of sulphate of copper, and af- 
terwards sufficient muriatic acid to redissolve the ex- 
cess of oxide of copper. The liquid will appear mora 
or less milky, according to the quantity of hydrocyanic 
acid {Hresent. M. OrfiLsi recommends nitrate of silver 
as a test, by whkh the acid will be. precipitated in the 
£>nn of cyanure of silver. 

PROPERTIES OP METALS. 

Why did iht emdenia degignaU the aevm mekda 
known to them by <^ names of Uie plandsf 

Because they were supposed to have some hidden 
relation : each being denoted bv a particular symbol* 
representing both the planet and the meCaL 

Gold . . . was the .... Sun. 

flilyer . . . . i. Moon. 

Mercury • • Mercuxy 

Copper Venus. 

Iron Mars. 

Tin Japiter 

Lead Saturn. . 

Why are some metals called naUvef 

Because they occur pure or alloyed, and have but a 
feeble attraction for oltygen ; such as platinum, gold, 
culver, mercury, and copper. Metals are also found 
combined with simple supporters of combustion ; the 
chief of these are metallic oxides. Metals combined 
with simple inflammables, include native metallic sul- 
phurets. Metals in combination with acidfl, include 
metaUic salts. — Mridgedfrom Brande* 

Why are some mdals caUed native aUoysf 
Because they are found combined wid» other metalsr 

Why are meUds r^med hyftre% 

Because advuitage la tak^ of some preperty u 
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which the metal operated upon may differ from those 
with which it is alloyed, or from which' it is desired to 
separate it. These differences may consist of the faci- 
lity or difficulty of oxidation ; in their tendency to vo- 
latilize; in the temperature required for fusion, and 
in their relative specific gravities. 

Metals, when exposed to the action of oxygen, chlo- 
rine, or iodine, at an elevated temperature, generally 
take fire, and, combining with one or other of these 
three elementary dissolvents, in definite proportions, 
are converted into earthy or saUne-looking bodies, 
devoid of metallic lustre and ductility, called oxides, 
chloiides, or iodides. 

Why have the metals^ as a doss, a oecuUtar luaire$ 
Because of their great power of renecdng light, in 
consequence of their opacity. Mr. Brande observes: 
^ their opacity is such, that, when extended into the 
thinnest possible leaves, they transmit no light ; silver- 
leaf, only one hundred-thousandth of an inch in thick- 
ness, is perfectly opaque. Gold is perhaps the only 
exception, which, when beaten out into leaves one 
two-nundred-thousandth of an inch in thickness, trans- 
mits green rays^of light." 

Wh^ are the polished metals peculiarly JU for bum- 
%nfr rmrrors ? 

Because they are very imperfect radiators and re- 
ceivers of heat, but excellent reflectors both of light 
and heat 

POTASSIUM. 

Why is potassium not found in an uncombined state f 
Because of its great affinity for oxygen. All that 
has hitherto been obtained has been procured by che- 
mical means from the potash of commerce. 

Why did Sir H. Davy discover potassium hy the 
'agency of VoUaie dectHcUy upon pure potash^ 

Because he was thus enabled to detach the oxygen, 
and then the alkaline base appeared in small bubbles. 
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having the lustre and outward characters of quick- 
fijlver. 

Why is paUusium important to the philosophical che- 
mists 

Because it is capable of detecting and separating 
oxygen wherever it may exist, and however intimate 
and energetic may be the nature of its combinations. 
By its means water may be detached from the most 
highly rectified alcohol and ether ; and, by its decom- 
position, hydrogen gas will be evolved. PotaesiCim 
also combines with phosphorus, sulphur, and hydro- 
gen ; it forms metallic alloys with gold, silver, mercu- 
ry, and some other metals ; at a red heat it will de- 
compose glass ; and is even capable of reducing all the 
metallic oxides. — Parkes. 

Potassium was discovered in 1807, by Sir Humphry 
Davy: he obtained it by submitting caustic potassa, 
or potash, to the action of Voltaic electricity ; the metal 
was slowly evolved at the negative pole. Gay Lussac, 
and Tbenard, first procured it by heating iron turnings 
to whiteness in a curved gun-barrel, and melting pot- 
ash to come in contact with the turnings, when, air 
being excluded, potassium was formed, and collected 
in the cool part of the tube. 

}fhy does potassium Jmm with a beautifvl Jtame on 
wcUerS 

Because the potassium decomposes the water and 
absorbs the oxygen, while the hydrogen of the water 
escapes and takes fire by the heat which the rapidity 
of the action produces. 

Why does sulphuric add, when dropped on chlorate 
o/poiassOj cause it to ignite f 

Because of the evolution of oxide of chlorine. A 
mixture of sulphuret>of antimony^ and the sah sud- 
denly deflagrates with a bright puff of flame aiid 
smoke. Matches tipped with this inflammable mix- 
ture are now in coiximon use, and are inflamed by 
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contact with asbestos saturated with sulphuric acid. 
Berzelius gives the following as the best compositioii 
for the matches : 30 parts powdered chlorate of potas- 
sa, 10 of powdered sulphur, 8 of sugar, 5 of gum ara- 
ble, aud a little cianabiu'. The sugar, gum, and salt, 
are first rubbed together into a paste with water; the 
sulphur is then added, and the wnole being thoroughly 
beaten together, small brimstone matches are dipped 
in, so as to retain a thin coat of the n^ixture upon their 
sulphuretted points. A similar compound is employ- 
ed in percussion gun-locks : gunpowder, made into a 
paste with water and chlorate of potash, is dropped in 
small copper caps adapted to the tubular touch-4iole of 
the gun, when a blow inflames the powder, and' com- 
municates to that in the barrel. Fulminating mercury 
is, however, now substituted for this compoaitioa, 
which is found to rust the touch-hole. 

JVbte to " Steam," pa^e lia 

In the whole range of English literature, perhaps there iM nothinf 
more curious than the following prophecy respecting Steam, in Dr. 
Darwin's Botame Oarden, published in 1789, but written, it is well 
known, at least twenty yean before the date of its pablicatimi : 

Boon shall thy arm, unconquer'd steam, aftr 

Drag the slow barge, or drive the rapid cur ; 

Or on wide waving wings expanded bear 

The flying chariot through the fields of air. 

Fair crews triumphant leaning flrom above 

Shall wave their fluttering 'kerchiefs as they move ; 

Or warrior bands alarm the gaping crowd, 

And armies shrink beneath the shadowy cloud : 

80 mighty Hercules o'er many a clime 

Waved hiis huge mace in virtue's cause sublime ; 

Unmeasured strength with early art combined, 

Awed, served, protected, and amazed mankind. 
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ffhf art eertam indha termed phynealf 
Because they explain the greater part of the phe» 
nomena of nature, the term phyaical being denyed 
from the Greek word signifying mi^iire; an appella- 
tion distinguishing them from chemical truths, which 
regard particular substances, and from viicd truths, 
which have relation only to living bodies.'--MSmott. 

Why ia an atom 9& caUedf 

Because of its origin from a Greek word signifying 
thai which cannot be farther divided; or, an ezceed- 
iogly minute resisting particle. 

ffliy ia the term attraction uaedf 

Because the atoms of which the yisible uniTerse is 
built up, whether separate, or abeedy joined into 
masses, tend towards all other masses, with force pro- 
portioned to their proximity: as, when any body 
presses or falls towards the great mass of the earth, 
or when the tides on the earth rise towards the moon. 

Hliy ia the term repvlaion uaed^ 

Because, under certain known circumstances, as of 
heat diffiised among the particles, their mutual attraC" 
turn is countervailed or resisted, and they tend to 
separate with force proportioned to their proximity : 
as, when heated water bursts into steam, or when 
gun]fOwder explodes. 
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fFhf ii the term tnetiia u$ed$ 

Because it denotes that the atimis, in regard to 
motion, faavQ about them ivhat may be figuratively 
called a stitbbomnesSy tending always to keep them in 
their existing state, whatever it may be; in other 
words, that Mdied neither ae^ilin) Iftotion, nor lose 
motion, nor bend their course m motion, but in exact 
accordance to some force applied. 

This, and the three pTOcedlllj| definitions, are de- 
rived fi^m the Synopsis of Dr. Amott's valuable 
EUmada of Phusics, Part L thkd edit 1828 ; the 
author pertinently oDserving, thai '^a person compre- 
hending foHy the inbport of lirale mnr wtirds^ mm, 
attntcHon, rtpuUion, inafiti, may predict dr anticipate 
eorrecdy, r^rf mtaay of the fiicts alid phenomena 
which the extended experience of a tift can display to 
him." 

HIm are noi men aentUde of the rapid m/otkm of the 
ewrihi 

Because all things move at the same rMe. What- 
ever common motions objects may have, it does not in- 
terfere with the effect of a force producing any new 
reladve motion among them. All the motions seen 
on earth are really omy slight dififerenoes among the 
conunon motions : as, in a fleet of sailing ships, the 
apparent changes of place among them are, in truth, 
only slight alterations of speed or direction in their 
individual courses. 

Why does a jptre, or ohdisk stand mare seeurd^ on 
ihe earlhj than a ffiUar stands on the bottom of a m^nng 
wagon ^ 

Because the motion of the earth is uniform, and not 
that the earth is more at rest than the wagon. Were 
the present rotation of our globe to be arrested but fiir 
a moment, imperial London, with its thousand spires 
and turrets, would be swept from its valley towards 
the eastern ocean, just as loose snow is swept awi^ hjr 
a gust of wind.— Jbiott. 
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Why doet a baU, Id drop firm the handy fiU wUh 
greater velocity the nearer it approaches the earthf 

Because, owing 4o the inertia of matter, any force 
continuing to act on a mass which is free to obey it, 
produces in the mass a quickening or accelerated 
motion ; for, as the motion given in the £r8t llistant, 
continues ailerwards without any farther force, mere* 
ly on account of the inertia, it follows that as much 
mpre motion is added during the second instant, and 
as much again during the third, and so on. A fklling 
body, therefore, under the influence of attraction, is, 
as it were, a reservoir, receiving evei^ instant fresh 
velocity and momentum (or quantity of motion). The 
heiffht of a precipice, or the depth of a well, may be 
judged of with considerable accuracy, by maiking the 
time required for a body to £&U through the space. 
A body falls four times as far in two seconds as in one, 
although the velocity, at the end of two seconds, is 
only doubled. — ^AmotL 

A body fiills by gravity precisely 16 1-16 feet in a se- 
cond, and the velocity increases according to the 
squares of the time: otz. 

In I '' (quarter of a second) a body falls 1 fbot. 
I " (half a second) ditto 4 

1 second ditto 16 

2 ditto ditto 64 

3 ditto ditto 144 

The power of gravity at two miles distance from the 
earth, is four times less than at one mile ; at three 
miles, nine times less ; and so on. It goes on lessen- 
ing, but is never destroyed. 

Meteoric stones, falling from great hetffhts, bury 
themselves deep in the eauirth, by the force of their gra- 
dually acquired velocity. 

Why are toe said to know of nothing which is absohde- 
ly at rest ? , 
Because the earth is whirfing round its a^ds, and 

b3 
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rooxid tihe Bun ; the mm ia moving round his asm, and 
round the centre of grayity of the solar system ; and, 
doubtless, round some more remote centre in the gi^t 
universe, caitying all his planets and cornels ^oout 
his path. 

One of Ae grand laws of nature is, that all bodies 
persevere in their present state, whether of motion or 
rest, unless disturbed by some foreign power. Motion, 
therefore, once begun, would be continued for ever, 
were it to meet mih no interruption from external 
causes, such as the power of gravity, the resistance g€ 
the medium, &c. 

Dr. Arnott adduces several familiar illustrations of 
motions and foreA Thus, all falling and pressing 
bodies exhibit aUradum in its simplest form. Repi^ 
turn is instanced in ex|^sion, steam, the action of 
springs, &c. Explosion of gunpowder is repulsion 
among the particles when assuniiiig the form of air. 
Steam, l^ the repulsion among its paroles, moves the 
piston of the steam-engine. All efaisticnty, as seen in 
spring, colraion, &^e. belongs chie^y to repulsion. 
A sprmg is often, as it were, a reservcor of force, kept 
ready charged for a purpose ; as when a gnn-lock is 
cocked, a watch wound up, &c. 

Why dots a biUieard haU stop when it sitikts t&recOy 
another ball of eqwd size, and the second bcH proceed 
ivUh the whole velocity which ike first had ? 

Because the action which in^part? the new modon 
is equal to the reaction , which destroys the old. Al- 
though the transference of motion^ in such a case, 
seems to be instantaneous, the change is really pro- 
gressive, and is as follows : The approaching ball, at 
a certain point of time, has just g^ven half of its mo- 
tion to the other equal ball ; and if both were of soil 
clay, they would then proceed together with half the 
original velocity ; but, as they are elastic, the touching 
parts at the moment supposed, are compressed like a 
luring between the balls; and by their expanding, 
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and exerting fi>rce equally both ways, they double the 
velocity of the foremost ball, and destroy altogether 
the motion in the other. 

ffhy is the vmformity of motion essenMal to rational 
eoMet^re or anticipation as to future events ? 

fiecause, it is by assuming, for instance, that the 
earth will continue to turn umformly on its axis, that 
we speak of to-niorroto and of next weeky &c. and that 
we make all arrangements for future emergencies: 
and were the coming day or season, or year, to arrive 
sooner or later than such anticipation, it would throw 
such confusion into all our affairs that the world would 
soon be desolate. 

To cdculate futurities, then, (dbwjTves Dr. Amott) 
or, to speak of past events, is merely to take some 
great uniform motion as a standard with which to 
compare all others ; and then to say of the remote 
event, that it coincided, or will coincide, with some 
described state of the standard motion. The most 
obvious and best standards are the whirling of the 
earth about its axis, and its great revolution round the 
sun. The first is rendered very sensible to man by 
his alternately seeing and not seeing the sun, and it is 
called a day ; the second is mariced by the succession 
of the seasons, and it is caUed ' a year. The earth 
turns upon its axis about 365 times vvhile it is perform- 
ing one circuit round the sun, and thus it divides the 
year into so many smaller parts; and the day is divi- 
ded into smaller parts, by the progress of the earth's 
whirling being so distinctly marked, in the constantly- 
varying directions of the sun, as viewed from any 
given spot on the face of the euth. When advancing 
civilisation made it of importance to man to be able 
to ascertain with precision the very instant of the 
earth's revolution, connected with any event, various 
contrivances were introduced for the purpose. Such 
have been sun-dials, wdiiere the ahitdow mivels pro* 
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gresdvely round the divided circle ; the uniform flux 
of water through a prepared opening ; the flux of 
sand in a common hour-glass, &c. But the very tri- 
umphs of modern ingenuity and art are those astro- 
nomical clocks and watches, in which the counted 
equal vibrations of a pendulum, or balance-wheel, 
have detected periodical inequalities even in the 
motion of the earth itself, and have directed attention 
to unsuspected disturbing causes, important to bo 
known. 

Why, when a body is carried heJoto the surface of the 
earthy does its weight beconfte less 7 

Because the matter then above it is drawing it up, 
instead of down, as before. A descent of a few hun- 
dred feet makes a sensible difference, and at the centre 
of the earth, if man could reach it, he would find things 
to have no weight at all ; and there would be neither 
up nor down, because bodies would be equally at- 
tracted in all directions. — AmoU. 

Why is a horseman standing on the saddle enabled to 
leap over a garter extended over the horse, (the horse 
passing under the garter,) and to light upon the saddle at 
the opposite side 9 

Because, the exertion of the performer, in this case, 
is not that which he would use were he to leap from 
the ground over a garter at tlie same height. In the 
latter case, he would make an exertion to rise, and at 
the same time, to project his body forward. In the 
case, however, of the horseman, he merely makes that 
exertion which is necessary to rise directly upwards to 
a sufficient height to clear the garter. The motion 
which he has in conmion with the horse, compoimded 
witli the elevation acquired by his muscular power, 
accomplishes the leap. 

ffliy does a isaUdng stick help a man on a joumev9 

•Because he pushes against the ground with tne 

•tick, whil^h may be conBidere4 6a oompreasing a spring 
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b^ttreen the eftrth and the end of Mb stick, wfakii 
spring IS therefoi^ pushing up as mueh as he pushefif 
down ; and if, Hi the time, he if^ere balanced in thei 
ficaies of a weighing beian, he would find that he 
weighed just as much less as he were pressing with 
kis stick. 

Whii does a person wishing to leap over a dUeh or 
chasJimakeahinJirsn 

Because the motion thereby acquired may help 
him over. A standing leap falls much short of a 
tunning one. 

These facts also illustrate the same principle: — 
Prom a glass of water suddenly pushed forward on a 
table, the water is spilt or left behind^-but if the glass 
be already in motion, as when carried by a person 
walking, and if it be then suddenly stopped by coming 
against an impediment, the water is thrown or spilt 
forward. Again, the actions of beating a coat or 
carpet with a cane to expel the dust ; of shaking the 
snow fVom one's shoes by kiclong against the door- 
post ; of knocking a dusty book against a table, of 
shutting it violently. 

Whf is a man jumping from a carriage at speed, in 
great danger of fdHing, afier Ms feet reach the ground ? 

Because his body has as much forward ' velocity, As 
if he had been running with the speed of the carriage ; 
and unless he advance his feet as in running, he must 
as certainly be dashed to the ground, as a runner whose 
feet are suddenly arrested. — AmoU. 

Why tnU the recoU of a fowUng-fieee hurt the 
shovlder, if the piece he not hdd dose to ft ? 

Because the piece recoils with ss much motion or 
momentum in it as the ball has ; but the momentum 
in the gun being difdised through a greater mass, 
the velocity is small, and easily checked. 

Why does a sky-rocket ascend^ 

Because, after it is lighted, thelower part is always 
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podudnff a lai^ quantity of aerifonn fluid, wbichf 
in expanding, presses not only on the air below, but 
also on the rocket above, and thus lifts it The aacent 
is aided also by the recoil of the rocket from the part 
of its substance, which is constantly being shot down- 
wards. — j9motL 

Whf does a harejthough muck less Jket Vum agnjf- 
hounal qften escape U9 

Because the greyhound is, with the hare, a compara- 
tively heavy body, movinff at the same or greater speed 
in pursuit The hare dowtlesy that is, suddenly changes 
the direction of her course, and turns back at an ob- 
lique angle with the direction in which she had been 
running. The greyhound, unable to resist the ten- 
dency of its body to persevere in the rapid motion it 
had acquired, is urged forward many yards before it 
is able to. check its speed and return to the pursuit 
Meanwhile the We is gaining ground in the other 
direction, so that the animals are . at a very con- 
siderable distance asunder when the pursuit is recom- 
menced. 

JFhv are a large and smaU ship sometimes seen sailing 
with me same v£>cihf^ 

Because the surface of canvass or sail which they 
spread to catch the force of the wind, is proportioned 
to the difference of resistance which the water offers to 
the two. 

Why are ships so often destroyed by running ftnd of 
each other at sea ? 

Because when two bodies moving in opposite direc- 
tions meet, each body sustains as freat a shock as i^ 
being at rest, it had been struck by the other body 
with the united forces of the two. Thus, if two ships 
of 500 tons burden encounter each other, sailing at 
ten knots an hour, each sustains the shock, which, 
being at rest, it woidd receive from a vessel of 1000 
tons burden, sailing ten knots an hour. 
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Whf are eamt^^ often wertttmed in quickly round' 
ingcomers^ 

because the inertia carries the body o€ the vehicle 
in the former direction, while the wheels are sudd^y 
pulled round by the horses into a new one. A loaded 
stage-coach running south, and suddenly turned to 
the east or west, strews its passengers on the south 
aide of the road. Where a sharp turning in a car- 
riage road is unavoidable, the outside of the b^nd 
should always be made higher than the inside, to pre- 
vent such accidents. 

♦ 

Jfhjf were, the battering rams of the ancients such 
formidable engines oftoar ? 

Because they allowed the concentrated efforts of 
many hands, and a considerable duration of action, 
so as to give at last one great and sudden shock. 

The action of gunpowder on bullets, although ap- 
pearing so sudden, is still not an instantaneous, but a 
gradueu, and therefore accelerating motion ; and ac- 
cordingly we find the effect to depend much on the • 
length of the piece along which the force pursues the 
balL— ii^mott. 

Why unU a cannon or musket 6a2Z, shot quite WKzot^- 
ta0y, touch the ground of a level plane just as soon as 
anoUier hdU dn^aed at me same instant diretUy from the 
eannon^smouthj 

Because the forward or projectile motion does not 
at all interfere with the action of gravity. This fact, 
observes Dr. Amott, which most persons, before consi- 
deration, would be disposed to doubt, makes strikingly 
sensible the extraordinary speed of a cannon ball ; viz, 
which has already earned it 600 or 800 feet before 
touching, during me half second that a bsdl dropped 
from the hand of a standing person requires to reach 
the earth. This fact also explains why, for a long 
range, the gun must always be pointed more or less 
upwardfl.— £{emml9 of Physics. 
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The velocity of a muricct ball is, on an lo^era^ 

1,600 feet per second, and its range half a mile. 

JFhv is ihia range wdy haltfm mtZe, wfyereas^ 5y fheory, 
U ovght to be ten mSes $ 

Because it is retarded by the resistance of the air. 

In velocities exceedi»g' 1^600 feet per second^ the 
resistance of the air is greatly increased ; hence ihie 
abenmlity of giving balls too great an initial velocity. 
To give a bufiet t& vdocity of dOOO feet per second, 
requires half as much more sowder as to give it the 
velocity of 1,600 feet; yet after both have moved 40O 
feet, the difference between ike velocity of each is re- 
duced to 8 feet per second. A S4-poiind ball, moving 
fl the rate of 20Q0 feet per second, meets a resistance 
of 600 pounda. 

If a body could be jpisojeeted upwards with the velo- 
city of 36^700 feeft in a second, it would never return ; 
and as it receokid &om the earth, its weight or gravity 
would diminisih* At present, the greatest v^odty 
with wblcb we can project a body, does not exceed 
2000 feet per second. A bullet riang a mile above 
the surface of the earth, loses l-2000th part of its 
weight. — JVotea in Science. 

Lieut Helwig, of Prussia, has invented a proeeas 
for measuring the time occupied by a ball or bullet in 
passing through a certain space ; by making tine baU 
liberate the works of a time-ke^ier at tha moment 
when it quits the mouth of the piece, and in niaking k 
also stop the time-keeper at the moment when itatriseB 
an obstacle. Thus, he fU^dsihat a light body* of the 
same calibre widb the buUet, moves, at the commence- 
menl^ with much greater velocity than the lattar; 
equal charges being used. ; 

Steam cannon has not yet been found to realize 
all the formidable eructations which it had raised ; 
but Mr. PerkiipiS has estimated the projectile force of 
steam to be ten times greater than toat of gunpowdcfer, 
in throwing a ball to a given distance. 
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Wyie on the subject of fire-enns, we mi^ mention 
that an ingemous Frenchman proposes to nx a small 
mirror, 0.47 of an inch in the side, near the mouth- 
piece, so that the person using it shall see the reflexion 
of hia own eye. In this way it is supposed that very 
ttDict aim may be taken ; and the experiments made 
bf various officers and sportsmen, are said to encourage 
liie idea that this application may be useftiL 

W/nf tmUa huUety fined c^ainst a door hanging frtd^ 
<m itshingti^ perforate ti^ same without agitating %t f 

Because the impression of the stroke is connned ia 
one single spot, and sufficient time is not allowed for 
difibsinff its action over the extent of the door. A 
pellet of clay, a bit of tidlow, or even a small bag of 
water, discharged from a pistol, wiil^roduce the sbom 
effect. 

Wky is seorsickness produced on shipboard ? 

Because man, strictly to maintain his perpendicu- 
larity, that is, to keep the centre of gravity always oveip 
the support of his body, requires standai>d8 of compa- 
rison, wWch he obtains chiefly by the perpendicularity 
or known position of things about him, as on land; 
but on shipboard, where the lines of the masts, win- 
dows, furniture, &c. are cdnstantly changing, his 
standards of comparison are soon lost or disturbed. 
Hence, also, the reason why persons unaccustomed to 
the motion of a ship, often find relief by keeping theic 
eyes directed to the fixed shore, where it is visible, or 
by lying on their backs, and shutting their eyes; aadi 
on the other hand, the ill effects of looking over the 
■de of the vessel at the restiess waves of the sea. 

Sea-sickness, observes Dr. Amott, also depends 
partly on the irregular pressure of the bowels among 
themselves, and against the containing parts, when 
their inertia, or downward pressure, varies with the 
rifling and fiilling of the ship. 

Reasoning upon the last-mentioned flicts, Mr. Pratti 

PART VII. c 
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of New Bond-Street, haiS constructed an elastie or 
swinging seat, couch, or bed, for preventing the uneasy 
motions of a ship or carriage ; the firame of which is 
suspended on juribals or joints, turning at right angles 
to each other ; and an elasticity is produced both in 
the seat or cuBhion, and in the swinging frames, by 
the use of spiral metal springs, in the form of an hour- 
class. A still more simple preventive was illustrated 
by Sir Richard Phillips, on his crossing from Dover to 
Calais, a few years since. He caused an arm-chair 
to be placed on the deck of the vessel, and being seated 
in it, he began to raise himself up and- down, as on 
horseback. The passengers laughed at his eccentri- 
city, but before they reached Calais, many of them 
were sea-sick, whilst Sir Richard continued to enjoy 
his usual health and vigour. We mentioned this ex- 
periment whilst making the same passage in the Royal 
George steam-boat, about a fortnight since ; but no 
person aboard made the trial of its efficacy, although 
more than half of the number were sea-sick. 

An embrocation has lately been invented, and se- 
cured by patent, for preventing or alleviating sea- 
sickness ; this preparation is to be rubbed over the 
lower end of the breast-bone, and under the left ribs ; 
but we cannot add our own testimony of its efficacy. 

Why cannot sure aim he taken toith a stone in a 

&csuae the point from which it shotdd depart, 
cannot be accurately determined. 

Why is the pendulum a time-keeper 9 

Because the times of the vibrations are very nearljr 
equal, whether it be moving much or little ; that is to 
say, whether the arc des>cribed by it be large or smalL 

A common clock is merely a pendulum, with wheel- 
work attached to it, to record the number of the vibra- 
tions ; and with a weight or spring, having force enough 
to counteract the retarding effects of fHction and me 
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rensts&ce of the air. The wheels show how many 
ETwings or beats of the pendulum have taken place, 
because at every beat, a tooth of the last wheel is 
allowed to pass. Now, if this wheel has sixty teeth, 
as is common, it will just turn round once for sixty 
beats of the pendulum, or seconds ; and a hand fixed 
on its axis, projecting through the dial-plate, will be 
the second hand of me clock. The other wheels are 
BO connected with this first, and the numbers of the 
teeth on them so proportioued, that one turns eixty 
times slower than the first, to fit its axis to carry a mi- 
nute hand; and another, by moving twelve times 
riower still, is fitted to carry an hour-luoid. — AmotL 

fVhy do docks denote the progress of time f 

Because they coimt the osculations of a pendulum ; 
and by that peculiar property of the pendulum, that 
one vibration commences exactly where the last ter- 
minates, no part of time is lost or gained in the juxta- 
position (or putting together) of the units so counted, 
so that the precise fractional part of a day, can be 
ascertained, which each such unit measures. 

The origin of the pendulum is traced to Galileo's 
observation of a hanging lamp in a church at Pisa 
continuing to vibrate long and with singular uniform- 
ity, after any accidental cause of disturbance. Hence 
he was led to investigate the laws of the phenomenon, 
and out of what, in some shape or other, had been 
before men's eyes from the be^nning of the world, 
his powerful genius extracted the most important 
results. 

The invention of pendulum clocks took place about 
the middle of the seventeenth century ; and the hon- 
our of the discovery is disputed between Galileo and 
Huygens. Becher contends for GaHleo, and states 
that one Trifler made the first pendulum clock at Flo- 
rence, under the direction of Galileo Galilei, and that 
a model of it was sent to Holland. The Accademia del 
Cimento also expressly declared, that the application 

C2 
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of die pendulum to the moyement of a clock, was fint 
proposed by Galileo, and put in practice by bis son, 
Vincenzo Galileo, in 1649. Uuygens, however, con- 
tests the priority, and made a pendulum clock before 
1658 ; and he insists, that if ever Galileo had enter- 
tmned such an idea, be never brought it to perfection. 
Beckmann says the first pendulum <^ock made !n 
England, was constructed in the year 16G2, by one 
Tromantil, a Dutchman ; but Grignon affirms tfiat the 
first pendulum clock was made in England, by Robert 
Hams, in 1641, and erected in Inigo Jones's church 
of Bt Paul, Covent-gartei. 

Why does the penduluM fnove fcuter in proportion as 
Us journey is iongerf 

Because, in proportion as the arc described is more 
extended, the steeper are its begmning and endine ; 
and the more rapidly, therefore, the pendulum faus 
down at first, sweeps along the intermediate space, and 
stops at last — *%7ioU, 

Why is it extremely difficvU to ascertain the exact 
Unglh of the pendulum ? 

fiecause of the various expansion of metals, respect- 
ing which no two pyrometers agree ; the changeable 
nature of the atmosphere ; the uncertaintv as to the 
true level of the sea ; the extreme difficulty of mea- 
suring accurately the distance between the point of 
suspension and the centre of oscillation, and even of 
finoing that centre ; also the variety of terrestrial at- 
traction, from which cause the motions of the pendulum 
are also liable to variation, even in the same latitude. 
In pursuing his researches, Capt. Kater discovered that 
the motions of the pendulum are affected by the nature 
of the strata over which it vibrates. 

Why does the force of gravity determine hoto long (he 
pendulum shall be in falling to the bottom of its arc^ 
and how long in rising f 

Because the ball of the pendulum may be considered 
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as abod^ descending by its weight on a slope ; a change 
in the force of gravity, therefore, would at once alter 
the rates of all die clocks on earth. — *^nwtt» 

Why is the regulator qf aioatch merely a pin which 
hecws (igair^t the halance-apring ? 

Because it slides backwards and forwards, so as to 
shorten or lengthen the part of the spring left firee to 
bend, thus changing the degree of its stifihess ; and, 
as the motion of ti^e pendulum has relation to the 
force of gravity, so has the motion of the balance- 
wheel to the stiffiiess of the bakmce-spring. 

Why do persons vpalking mrm-in-carm^ shake each other 
unless their steps correspondf 

Because the centre of gravity in each body comes 
alternately over the right and over the left fooL 

Jfhy are certain metals maUeahle^ or reducible into 
thin plates or leaves by hammering^ 

Because their atoms cohere equally in whatever 
relative situation they happen to be, and therefore 
yield to force, and shift about among each other, 
almost like the atoihs of a fluid, without fracture or 
change of property. 

Gold is remarkably malleable, for it may be reduced 
to leaves of the thinness of 282,000 to the inch. For 
gold-beaters the metal is first formed into rods, these 
are afterwards rolled or flattened into" ribands, the 
riband is cut iiito portions, which are extended bv 
hammering to great breadth and thinness, and which 
being again divided into portions, are hammered and 
extendi to the thinness described. 

fVhy are the steel chisels and tods used for cutHng 
metals so frequently broken ? ' 

Because, requiring to be exceedingly hard, they 
proportionally lose, m regard to the extent of their 
elasticity. Cast iron, which is much harder than 
malleable or wrought iron, is very brittle, while soft iron 
and steel are tlie toughest things in nature. — JhrmtL 

c3 
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Why d^es a smithy by lutmmering a piece of har-ironf 
render ii red hot ? 

Because he thereby compresses the metal. When 
air is violently oempressed, it becomes so hot as to 
ignite cotton and other substances. An ingenious in- 
strument for producing light for domestic uses has 
been constructed, consisting of a small cylinder, in 
which a solid piston moves air-tight: a little tinder, 
or dry sponge, id attached to the bottom of the piston, 
ivhich is then violently forced into the cylinder: the 
air between the bottom of the cylinder and the piston 
becomes intensely compressed, and evolves so much 
heat as to light the tinden-^-Zfar^^n^r. 

Why %9 the iron rim of a coach tvhed heated before 
putting onf 

Because the expansion of the metal occasioned by 
the heat, facilitates the operation of putting on tlie 
iron, while the contraction which follows, brings the 
joints of the wooden part together ; and thus, binding 
the whole, gives great strength to the wheel. 

Why does a hotUe of fresh water, corked and let down 
30 or 40 feet into the sea, often come up agcdn tmth the 
water saUish, aUhough the cork be stiU in ih place f 

Because the cork, when far down, is so 'squeezed as 
to allow the water to pass in or out by its sides, but on 
rinng it, resumes its former size. 

Why do bvhUes rise on a cup of tea when a lump of 
sugar is dropped into it ? 

cecause tne sugar is porous, and the ciir which 
filled its pores then escapes to the surface of the tea« 
and the liquid takes its place. 

Why are stalactites formed in the'interior of caverns ? 

Because water percolates through their porous sides 
and roofs, and being impregnated with calcsareous and 
other earths, assumes pendant forms. 

Why is (here, an opening in the centre of the upper stone 
of acorn mUlf 

Because through this opening the grain is admitted 
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and kept tunung round between the stones, and is al- 
ifrays teDding and travelling outwards, until it escapes 
as flour from the circumference. 

Why does a horse in the cirais lean io the centred 
Because, when the horse moves round with the per- 
former standing on the saddle, lx>th the horse and 
rider incline continuaUy towards the centre of the 
ring, and the Inclination increases with the velocity of 
the motion: by this inclination their weights coun- 
teract the effect of the centrifugal force. 

Why does water remain in a vessel which is placed in 
a sling and made to describe a circled 

Because the water, by its inertia of straightness, or 
centrifugal (or centre-flying) force, tends more away 
from the centre of motion towards the bottom of the 
vessel, than towards the earth by gravity. 

Why does a spinning top stand f 

Because, while the top is perfectly upright, its point, 
being directly under its centre, supports it steadily, 
and although turning so rapidly, has no tendency to 
move from the place ; but ii the top incline at all, the 
side of the peg, instead of the very point, comes in 
contact with the floor, and the peg then becomes a 
little wheel or roller, advancing qmckly, and, with its 
touching edge, descrilnng a curve somewhat as a 
skaiter does, until it becomes directly under the body 
of the top as before.. It thus appears that the very 
fact of the top inclining, causes tne point to shift its 
plaee, and so that it cannot rest until it come again 
directly under the centre of the top. — Jknott. 

Why is a rocHng-stone so caUedf 

Because it consists of an immense mass, loosened 
in some convulsion of nature, and with a slightly 
rounded base resting on a flat surface of rock below, 
which is. so nearly balanced, that one individual can 
move. or rock it. This arises from the rounded body 
being disturbed from its middle position, and its centre 
of gravity seeking to return. 
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Of these rocks, called Lo^gan or Laggan stones, 
there are several among the picturesque baniersof the 
British coast 

Dr. S. Hibbert has very recently described a natural 
rocking-stone of granite, near the village of Loubeyrat, 
in the province of Auverjgne, France. This stpne ap- 
pears to have been an olnect of rehgious worship, for, 
on the top of it were two figures, ^ cross, and a pedestal. 
Under the figures the word pardon is traceable, and 
other letters which probably alluded to the number of 
days of pardon which the cross gave to the venerator. 
The natural phenomenon of the rocking-stone proba- 
bly became an object of superstitious veneration to its 
neighbourhood, and the figures and cross were the 
adoring tributes of the natives. Dr. Hibbert, how- 
ever, thinks that the particular use to which rocking- 
stones were applied wiU ever remain in obscurity : " as 
they are products of every country where loose de- 
tached rocks of a particular structure have been sub- 
mitted to the operation of atmospheric agents, it is to 
be expected that the fables assigned to their origin 
would be regulated by the peculiar mythology of the 
people among whom they have become the object of 
notice and wonder." 

Why have aU shot manufactories lojhf towers, as seen 
omVie southern bank qf the Thames ? 

Because, in the manufacturing of shot, the liquid 
metal is allowed to fall like rain from a great eleva- 
tion, as through these towers, and the cohesive princi- 
ple gives rotundity to grains of shot. In its descent, 
the drops become truly globular, and before they reach 
the end of their fall they are hardened by cooling, so 
that they retain their shape. 

Why does a porter lean forward when carrying a 
load? 

Because his position must be regulated by the cen- 
tre of gravity of his body and the load taken together.. 
If he l)ore the loud on his back, the line of direc- 



tka ^iRwid pam beymnd his beeb, and he would ML 
backwards. To bring the centre of gravity oyer liiB 
feet he aoeordingty leans forward. — If a nurse cany a 
child In her anus, Ae leans back for a like reason. 

ffky dees a yowng quadruped toaik much sooner ftot 
a ekUdf 

Because a body is tottering in proportion to its great 
altitude and narrow base. Now, the child has this 
latter, and learns to walk but slowly, because of the 
difficulty, peiiiaps in ten or twelve months, while tiie 
young of quadrupeds, having a broad supporting base, 
are able to stand, and even to move about almost im- 
mediately: but it is the noble prerogative of man to be 
able to «uppon his towering figure with great firmness, 
on a very narrow base, and under constant change of 
attitude. — Amott, 

Why are the ^ safety coaches'* (miU toith the wheels 
Jar apart, and the Uiggage-receptades beneath the (ocfy? 

Because they may have a broader base, and thus oe 
less liable to overturn. 

Why do builders use the plummet^ orjdumb line f 
Because, when applied to a body, it is a visible in- 
dication of the line of its centre of gravity. 

Wf^ do certain structures remain securtj although 
thw have lost their perpendicularity ? 

fiecause the line of their centre of gravity remains 
within the base. The famous tower of Pisa was built 
intentionally inclining, to frighten and surprise ; it is 
130 feet high, and overhangs its base 16 feet At 
Boloffna are two celebrated leaning towers, one of 
whi(£, the Asinelli, is 350 feet high, and Si feet out of 
the perpendicular. The other, the Garisenda, is about 
130 feet in height, and inclines 8 feet from the per- 
pendicular. Mont&ucon, tfie celebrated antiquary, 
attributes the leaning of these towers to the sinking of 
the earth. He says, it appears, upon examination, 
tfaat when the Gansenda tower bowdd, a great part of 
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it went to ruin, became the ground that the inclined 
ride stood on was not so firm as the other, which 
may be said of all other towers that lean so ; for 
** besides these two here mentioned, the tower for the 
bells of Sl Mary Zobenica, at Venice, leans consider- 
ably to one side. So also at Ravenna, I took notice of 
another stooping tower, occasioned by the ground on 
that side giving way a little. In the way from Ferntra 
to Venice, where the soil is marshy, we see a structure 
of great antiquity leaning to one side. When the 
whole structure of the Garisenda stooped, much of it 
fell, as appears by the top." 

The Monument, near London Bridge, inclines so 
much that timid people sometimes doubt its stability, 
and some years since its fall was a point of discussion. 
Salisbury and other of our cathedral spires or towers 
have lost something of their perpendicularity ; Ches- 
terfield, in Derbyshire, is proverbial for its zig-zag or 
wry spire. 

The Monument is of the Doric order, and i*ise^ from 
the pavement to the height of 202 feet, containing 
within its shaft a spiral stair of black marble of 345 
steps ; the plinth is 21 feet square. It was begun in 
1671, but was not completed till 1677; stone beinff 
scarce, and the restoration of London and its cathedr&Q 
swallowing up the produce of the quarries. Mr. 
Elmes, in his Life of Sir Christopher V^Tren, the archi- 
tect, tells us that the Monument was *'at first used 
by the members of the Royal Society for astronomical 
experiments, but was abandoned on account of its vt- 
brationa being too great for the nicety required in their 
observations. This occasioned a report that it was 
unsafe ; but its scientific construction may bid defiance 
to the attacks of all but earthquakes for centuries.^ 
The more recent fear of its instability was therefore 
only a revival of this alarm ; which probably obtained 
some credence among weak persons, fix)m its being 
erroneously attributed to Fellows of the Royal Society*. 
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Wky is a physically advantageous to ham out thd 
toesf 

Because the supporting base of a mau consists of 
the feet and the space between them ; and turning out 
the toes, without taking much from the length of the 
base, adds a good deal to the breadth.— ^mott. 

Whf do very/ai people usuJaUy throw hack their heaa 
and sh&idders ? 

Because, by so doing, they keep the centre of gravity 
of the body over the base.. 

SIMPLE MACHINES. 

Why ha»e the '' simple tnachines,*^ as the lever, wheel 
mid axle, plane, wedge, screw, and pvUey, been long 
caUed the ^' mechanic powers ? " 

Because they were first used to raise great weights, 
or overcome great resistances. Hence the common 
error in supposing that they generate force, or have a 
sort of innate power for saving labour ; whereas, nei- 
th^ simple machines nor mechanic powers save la- 
bour, in a strict sense of the phrase. 

Why, (ken, are these m£tchines advantageous 9 

Because they allow a small force to take its time to 
produce any requisite magnitude of effect. Thus, one 
man's effort, or any small power, which is always at 
conmiand, by woiking proportionally longer, will an- 
swer the purpose of 3ie sudden effort of man^ men, 
even of himdreds or- thousands, whom it might be 
most kiconvenient and expensive, or even impossible 
to faring together. 

Why are there so many vam schemes for perpetual 
nuftions, and netc nyechamad engines of power ? 

Because the projectors do not understand the great 
Cnitfa, that no form or combination of machinery ev^ 
did or ever can increase, in the slighest degree, the 
quantity of power applied. Hence the futility of sup- 
poffiug that a lever, or great pendulum, or spring, or 
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heavy fly-wheel, &c. can ever exert mmne lone than has 
passed into it from some source of motion. — ^BmoiL 

I^HE LETER. 

Why %8 a beam or rod of any Jdndf resting at one part 
on a prop or axis, which becomes Us centre of motion, a 
lever 7 

Because such a contrivance was first employed to 
lift (levare, Latin) weights. 

The lever, in mechanics, compensates power by space, 
and what is lost in power is gained in time. If the 
lever be 17 feet long, and the pivot or fulcrum be a 
foot from one end, an ounce placed on the Other end 
will balance a pound placed on the near end. If^ m- 
stead of an ounce, we place upon the long end the 
short end of a second beam or lever, supported by a 
fulcrum one foot from it, and then place the long end 
of this second lever upon the short end of a third lever, 
whose fulcrum is one foot from it ; and if we put upon 
the end of this third lever's long arm an ounce weight, 
that ounce will move upwards a pound on the second 
lever's long arm ; and this moving upwards, will cause 
the short end to force downwards 16 pounds at the long 
end of tbe first lever, which will make the short end 
of the first lever move upwards, although 256 pounds 
be laid upon iL The same efiect continuing, a pound 
on the long end of the third lever, will move up a ton 
and three-qnarters at the short end of the first lever, so 
that the touch of a child's finger, will move as much 
as two horses can draw. — JVotes in Science. 

Why did Archimedes reasonably enongh say, ** CTitw 
me a lever long enough, and aprop strong enini^ itnd 
toiih my otvn weight J wUl move ike Uforldf^ 

Because there is no limit to the diflSsrence of in- 
tensity in forces, which may be placed in opporitionto 
each other by the lever, except the length and strengdi 
of the material of which the levers must be frnmed^ 
But he would have required to move with the veloci^ 
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-of a cannon-ball for miUiona of ages, to alter the po- 
sition of the earth by the small part of an inch. Inili 
feat of Archimedes is, in mathematical truth, peribrmed 
by eyeiy num who leaps from the gromid, for he kicks 
the world away when he rises, and attracts it again 
when he fiills hacks — AmotL 

Whf is a finder eot^pU near ikt kmge of a skuUmg 
door to iMuhvnpinsd 9 

Because the centre inaction of the door moves 
throuffh a space comparatively n^reat, and acts with a 
creat lever-advantage on a reostance placed near the 
ralcrum of the lever where there is litde motion. 
Children pinching their fingers in this way, or in the 
hinge of the fire-tongs, where there isaaimilaracdon, 
wonder why the bite is so keen. 

Why hfxct pincen or forceps such extraardinmy 
fHXwer ? 

Because they are double levers, of which the hinge 
is the common prop or fulcrum. Dr. Amott thus illus- 
trates the advantages of ihis machine : — ^In drawing a 
nail with steel nippers, we have affood example of the 
advantages of usmg a tool ; l.^^I%e nail is seized by 
teeth of steel, instead of by the soft fingers ; 2. Instead 
of the gripinff force of the extreme fingers only, there 
IB the force of the whole hand' conveyed through the 
handles of the nippers ; 3. The force is rendered, per- 
hf^s, six times more effective by the lever length of 
the handles ; and, 4. By making the nippers, in draw- 
ing the nail, rest on one shoulder as a fulcrum, it ac- 
quu^s all the advantages €i the lever or claw-hammer 
for the same purpose. 

Why do lofhf scdla often cause open hoots to upset 9 
Because the mast an(^ sails set upon it are as S long 
lever, having the sails as the power, turning upon the 
centre of buoyancy of the vessel as the flucrum, and 
lifting the baunce or centre of gravity as the resiat- 
anee. 

FART VII. © ' 



KlfOWLKDefE FOR THE PEOPLE. 

' Why may a hoy^ who amnoi exert a dired force qf 
SOlbs^ hv means of a daw-hammer^ extract a naiSj to 
n^ich heUfa ton mighl he suspended^ 

Because his hand, perhaps, moves through eight 
iBChes, to make the nail rise one quarter of an inch. 
The claw-hammer also proves, that it is of no conse- 
quence whether the lever be strai^t or crooked, pro- 
vided it produces the required difference of velocity 
between power and resistance. The part of the ham- 
mer resting on the plank, is the fhlcrum, x>r prop. 

Why does a combination of levers produce such extra- 
ordinary power ? 

Because if a lever, which makes one balance ybur, 
be applied to work a second lever which does the same, 
one pound at the long arm of the first, will balance 
sixteen pounds at the short arm of the second lever, and 
would balance sixty-four at the short arm of a third 
such, &c. — Jinwtt^ 

WHEEL Ajn> AXLE. 

Why is motion trajismOted (hr&agh a train of wheel-. 
u>ork by theformaiion of teeth upon the circumference qf 
the wheds ? . 

Because the indentures of each wheel fall between 
the corresponding ones of that in which it works, and 
ensure the action so long as the strain is not so great 
as to fracture the tooth. 

Why is a heavy whed somdimes used as a concettinifor 
qf/orccy or a mechanic power ? 

Because, by means of a winch, or a weight, or 
otherwise, motion* or momentum is gradually accu- 
mulated in the wheel, and is then made to expend 
itself in producing some sudden and proportionally 
great effect. 

The coining-presses of the Royal Mint are thus im- 
pelled by a fly-wheel, and generally complete a coin 
DY one blow ; and they strike^ upon an average, 60 
blows in one minute ; the blank piece, previous^ pre- 
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pared and annealed, bein^ placed between the dies 
hy part of the same mechanism. The number of piec^ 
which may be struck by a single die of good steel, 
properiy hardened and tempered, not uiSfrequently 
amounts, at the Mint, to between 3 and 400,000? 
There are eight presses frequently at work for ten 
hours each day, and each press produces 3,600 pieces 
per hour; but, making allowances for occasional stop- 
f»ages, w^ may reckon the daily produce of each press 
at 30,000 pieces; the eight presses, therefore, wUl 
furnish a diiunal average of 240,000 pieces. 

Why isUan error to account the fly-whed a positkt 
potperf 

because, in common cases, it merely equalizes the 
effect of an irregular force. Thus, in using a winch 
to turn a mill, a man does not act with equal force aU 
it)und the circle; but a heavy wheel, fixed on the 
axis, resists acceleration and receives momentum, 
while his action is above par, and returns it again 
while his action is below par, thus equalizing the 
movement. Again, in circular motion produced by a 
crank, when by the pressure of the foot on a treadle, 
we turn a lathe, or grindstone, or spinning-wheel, the 
force is only applied during a small part of the revolu- 
tion, or in the form of interrupted. pushes, yet the 
motion goes on steadily, because the turning grind- 
stone, or wheel, or lathe, merely becomes a fly and 
reservoir, equalizing the effect of the force. 

Why is the common winch in principle a wh^lf 

Because the hand of the worker describes a circle, 
and there is no difference in the result, whether an 
entire wheel be turning with the hand, or only a single 
spoke of the wheel. 

Why is a man on a treadmill compelled to keep per" 
petttaUy mjooin^ ? 

Because, being placed at the circumference of the 
wheel, hi» weight turns it, and he must nlove forward 

d2 
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as fitft as the wheel descends, so as to maintam his 
position continually at the extremity of the horizcmtid 
diameter of the vrheeL 

The invention of the treadmUl is, by some persoofl^ 
Vid to have been domed from a squirrel in a cylint- 
drical wire cage. 

WHEEL CAERIA0S9. 

Whjf hamt uked tarriagts keen advankigeimdy wb^ 
sHhiUd/arMUdgtsf 

Because the rubbing or friction, instead of being 
between an iron shoe and the stonta and irregularities 
of the road, is between the axle and its bush, which 
have surfaces smoothed and fitted to each other, and 
well lubricated. 

Wh^ doeB the whtd md ihe. progrtM of a eemagef 
Because, while the caniage moves forwards, per- 
hapB 15 feet, by one revolution of its wheel, the rub- 
nng part, viz. the axle, onl^ passes over a few inches 
of the internal surfoce of its smooth greased bush. 
Again^ the wheel surmounts any abrupt obstacle on 
the road, by the axle describing a gently rising slope 
or curve ; and by rising as on an inclined plane, and 
giving to the drawing animal the relief which such a 
plane would bring. — AmcH, 

Whj are tcheds usually made of a dished form^ ihat 
w, indining outwards f 

Because they thus acquire astonishing strength, in- 
deed that of the arch, as contrasted with the flat or 
upright wheel; the dished form is iiurther useful in 
this, that when the carriage is on an inclined road, 
and more of the weight consequentiy fells upon the 
wheel of the lower side, the inferior spokes of that 
whe^ become nearly perpendicular, and thexefere 
support the increased weight more safely. The dis- 
advantage of these wheels, however, is, that an in- 
clining wheel naturally describing a curved path, the 
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horses, in drawing straight forward^ have to overcome 
this deviating tendency in all the whee]B,--^^tmoU. 

Why art axles made of gted, and the parts on tohieh 
ihey hear of brass f 

fiecause friction- is universally diniiniahed by letting 
the substances which are to rub eac^ other be of di^ 
ferent kinds. The swifhiess of a skaiter, it may be 
observed, depends much on the dissimilarity between 
ice and steel. 

Why are the f ore-wheels of cotrriages smoMer than Ike 
hind-wheds ? 

Because they facilitate the turning of the carriage. 
The advantage of the wheel is proportioned to 3ie 
magnitude ; the smaller wheel having to rise a steeper 
curve. It is not true, however, according to the 
popubu* prejudice, that the large hind-wheels of 
coaches and waggons help to push on the httle wheels 
before them. — 3^notL 

From these causes, continues the same ingenious 
writer, ^the difference in performing the same jour- 
ney of a mile by a sledge and a wheel carriage, is, 
that while the former rubs over every roughness in 
the road, and is jolted by every irregularity, the rub- 
bing part of the latter,* the axle, gudes very slowly 
over about thirty yards of a smoothed oiled surface, in 
a gently waving line. It is ascertained that the re- 
sistance is thus reduced to 1-lOOth of what it is for a 
sledge." 

Why do springs not only render carriages easy vehi- 
eles on rough roads^ b%d niuch lessen ine puU to the 
horses^ 

Because, where there is no spring, the whole load 
must rise with every rising of the road, and must sink 
with every depression, and the d^ression costs as 
much as the rising, because the wheel must be drawn 
up again from the bottom of it ; but in a spring car- 
riage, moving rapidly along, only the parts below the 

i>3 
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0pftog« are moyed, in correspondence with Ae iirega* 
larides, while all above, by the inertia of the matter, 
have a soft and steady advance. — AmoU. 

Again, springs of carriages convert all percusaon 
into mere increase of pressure : that is to say, the 
collision of two hard bodies is changed by the inter- 
position of one that is elastic, into a mere accession of 
weight It is probable, that under certain modifica- 
tions, springs may be applied with great advantage 
to the heaviest waggons. . 

In surmounting obstacles, a carriage with its load 
being lifted over, the springs allow the wheels to rise, 
while the weights suspended on them are scarcely 
moved from their horizontal level. 

fFhf care ^ under-iprings'" so advantageous in very 
modem carriages f ' 

Because they insulate from the effects of shocks, 
all the parts, excepting the wheels and axletrees 
themselves. When Only the body of the carriage., is 
on springs, the horses have still to rattle the heavy 
frame-work below it, over all irregularities. 

fVky, in descending a kiUy roadj is it common to lodt 
or fix one of the wheels of a carnage ? 

Because, the friction is then increased, and there is 
less chance of a rapid descent; the horses having then 
to pull nearly as much as on a level road, with^ the 
whed free. 

We have noticed a very effectual mode of" locking" 
the hind wheels of carriages, on the continent, by 
screwing a bar transversely, agtdnst the outer rim of 
the wheels ; by this means, the wheels may be either 
partially or wholly locked, according to a powerful 
screw, m the centre of the bar. This mode is adopted 
by the Paris diligences ; we first noticed it in a Swiss 
caliche^ of great strength. The bar is rather unsight- 
ly, but our excellence in the construction of wheel- 
carriages should not lead us always to look for ^e- 
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ganee, where convenienoe is a main point, as in a 
vehicle for travelling. 

Why shmdd a road up a very steep hM, he made U 
wind or ng-zag dU the toay^ 

Because, to reach a given height, the ease of the 
pull is greater, exactly as the road is made longer. 

Why %8 it important to make roads as level as pos- 
siblcf 

Because, a horse drawing on a road where there is 
a rise of one foot in twenty, is really lifting one twen- 
tieth of the load, as well as overcoming the fiaction, 
imd other resistance of the carriage. — ^rnioU. 

THE WXDOE. 

Why are cutting instruments^ knioes, razors^ the axe^ 
l^c. examples of me wedge ? 

Because at the same time that we pull them len^- 
wise, we press them directly forward, against the object 
A saw, too, is a series of wedges. 

Why does a razor, (tf drawn lightly over the hand\ 
dart into thejlesh, whereasj if pressed against the hfma 
unth consideraMe farce, it wm not enter $ 

Because of the vibration of particles produced by 
the drawing action, which enables the razor to insinuate 
itself more easily. We witnessed an example, only a 
few days since, when a bon vivant, in a nt of mis- 
chievous ecstasv, seized a pointiess table knife, and 
passed it ver^^ Ughtiy down the back of his friend's 
coat. The injury was not immediately seen, but the 
cloth proved cut, from the collar to the wuist ; whereas, 
had the knife been heavily pressed against the*cloth, the 
coat would have escaped injury, ana the.gay fellow the 
expense of his folly. 

Why is the wedge so important an agent in the arts 
and numtfactures ? 

Because it exerts enormous force throuj|rh a very 
tmaXL vpsnee. Thus, it is resorted to fbr split^ masBes 
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of timber, or stones. Ships are raised in docks, by 
wedges driven under their keels. The "Wedge is the 
principal agent in the oil-milL The seeds, from which 
the oil is to be extracted, are introduced into hairbags^ 
and placed between planes of hard- wood. Wedges 
inserted between the bags, are driven, by allowmg 
heavy beams to fall on them. The pressure thus 
excited is so intense, that the seeds in the bags are 
formed into a mass nearly as solid as wood. — Lardner, 
The details of an extensive oil mill near Garrat are 
as follow: — ^A magnificent water-wheel, of 30 feet, 
turns a main shaft, which gives motion to a pair of 
vertical stones, raises the driving-beams, and turns a 
band, which carries the seed in small buckets from the 
floor to the hopper. The shock on the entire nenrous 
i^stem, produced by the noise of the driving-beams as 
they fall on the wedges, is not to be described. The 
sense of hearing for the time is wholly destroyed, and 
the powers of voice and articulation are vainly exerted. 
The noise is oppressive, though a rebound, compara- 
tively tuneful, takes place, till the wedge is driven 
home; but afterwards the blows fall dead, and pro- 
duce a painful jar on the nerves, affecting the auditor 
for some hours with a sense of general lassitude. 

THE SCREW. 

Wh^ does a screw enable a srnaU force to produce sueh 
prodigious effects 9 

Because every turn of the screw carries it forward 
in a fixed nut, or draws a movable nut along upon 
it, by exactly the distance between two turns of^ its 
thread : this distance, therefore, is the space described 
by the resistance, whUe the force moves in the circum- 
ference of the circle described by Ae handle of the 
^ screw; and the disparity between these lengths or 
' spaces is often as a hundred or more to one. — Amott, 
Why may the screto he called a tvinding wedge ? 
Because it has the same relation to a straight 
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Wedge, that a road Winding up a hill or tower has to a 
Mraiglit road of the same length and accfivity. 

Why is pit acreWf in some rtspedSy a disadvantageoui 
eontrivmictf 

Because it produces so much fiiction, as to consume 
a considerable part of the force used in working it. 

^ Why do mathematical iiMbrument makers mark divi- 
sions an their work with the screw f 

Because it can easily be made with a hundred turns 
of its thread in the space of an inch, and at perfectly 
eqiial distances from each other. If we suppose such 
a screw to be pulling forward a plate of metal, or the 
edge of a cin^e, over which a sharp-pointed steel 
niarker is placed, which moves up ana down perpen- 
diculariy, the marker, if let down once for every turn 
of the screw, will make just as many lines on the 
plate ; but, if made to mark at every hundredth or 
thousandth of a turn of the screw, which it will do 
with equal accuracy, it may draw a hundred thousand 
distinct lines in one inch. 

Why may a printing press he said to do the work of 
Jifhimen^ 

Because a solitary workman, with his screw or other 
engine, can press a sheet of paper against t3rpes, so as 
to take off a clear impression ; to do which without 
the press, the direct push of fifty men would be insuffi- 
cient ; and these finy men would be idle and super- 
fluous, except just at the instant of pressing, which 
recurs only now and then. This, and the two preced- 
ing illustrations, are almost literally from Dr. Amott's 
works, in which the importance of bavin? correct no- 
tions on the subject of the simple machines, or me- 
chanical powers, is illustrated by many other fiuniliar 
examples. 

THE PULLET. 

Why is (he ptdley an advantageotu machine 9 
Because, in such a construcdon, it is evident that 
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the weight (let it be supposed ten pounds) is equany* 
supported by each end of the rope, and that a man 
holmng up one end, only bears half of it, or five 
pounds; but to raise 'the weight one foot, he must 
draw up the two feet of rope ; therefore, with the. pul- 
ley, he lifts five pounds two feet, where he would have 
to lift ten pounds one foot without the pulley. 

JFhy have fixed jndlies no muhanical advantage ? 

Because tne weight just moves as fast as the power ; 
yet such pidlies are of great use in changing the direc- 
tion of forces. A sailor, without moving from the 
deck of his ship, by means of such a pullev, may hoist 
the sail or the signal flag to the top of the loftiest mast. 

Jfhy 18 the puUey on ship-board called ablockf 

Because of the block or wooden mass which sur- 
rounds the wheel or wheels of the pulley. Hence the 
machinery for making these pulhes is called bteck-mO' 
chinery. Of that at Portsmouth, invented by Brunei, 
there is a set of magnificent models in the possession 
of the Navy Board. They consist of eight separate 
machines, which work in succession, so as to begin 
and finish ofi^a two-sheaved block four inches in length. 

Mr. Faraday, in a lecture at the Royal Institution 
in 1829, stated generally, that the block -machinery of 
Portsmouth, by adjustments, could manufacture blocks 
of one huncfred diflerent sizes ; could, with thirty men, 
make one hundred per hour ; and, from the time of 
its completion in 1804-5, to that day, had required no 
repairs from Maudslay, the original manufacturer. 
The total cost was £46,000, and the saving per annum, 
in time of war, was £25,000, after allowing interest 
for capital, and paying the expense of all repairs. 

Why is a chair or bucket, attached to one end of a 
rope which is carried over a fixed puUey, used as ajhrt^ 
escome^ 

Because a person, by laying hold of the rope on the 
other side, may, at wiU, descend to a depth equal to 
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half of the entire length of the ropiB, hy continaall j 
Yielding rope on the one side, and depressing the 
bucket or chain by his weight on the other. In this 
case the pulley must be attached to some part of the 
building, or it is recommended that each chamber- 
floor of a dwelling-house should have a staple fixed 
near the exterior of a window, to which staple the 
pulley may be attached by a hook. This is, perhaps, 
the edmplest fire-escape yet proposed, and we need 
scarcely add, the simpler the means the more likely is 
it to succeed in extreme danger. 

FRICTION. 

Jfhy ia ihe JHcHon greater between pieees of ihe same 
substance, than bettoeen pieces of different substances^ 
udth dissimilar grains f 

BecsTuse, it is supposed, of the roughnesses, or litde 
projections in the former, mutually fitting each other, 
as the teeth of similar saws would. 

" But for friction," observes Dr. Amott, ^'men walk- 
ing on the ground or pavement would always be as 
if walking on ice ; and our rivers, that now flow so 
calmly, would all be frightfiil torrents." 

Why does theJHction of vcrious u)oods againsl each 
other vary f 

Because of their diflTerent degrees of hardness ; the 
soft woods in general giving more resistance than the 
hard woods; thus, yellow deal afifords the sreatest, 
and red teak the least fiiction. Soft metals iiuso pro- 
duce greater friction, under similar circumstances, 
than ihoae which are bard. — G. Rennie. 

Why is the Jriction of surfaces, when first brought 
into contact, ofun greater than after their attrition has 
been continued a certain time f 

Because the smoother the surfaces are the less will 
be the friction, and that process has a tendency to re- 
move those minute asperities and projections on which 
the friction depends. But this has a limit, and after 
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a eertftin degree of attritioii the fiiction eeeaes to 
decreaie. 

^ Whf doti nMarine iht ntrftteei wiOi vnehuma matier 
dimimsh IhefneUonJ 

Because it fills up the cavitiefl betwMn the minute 
projectioiiB which produce the friction. 

ffhy haa plumbago^ or black leadf hem ivhstUuUdfor 
&U in dodu and chronometer $f 

Because, when mixed with spirit, it readily adheres 
to the surface of a steel piFot, as'Well as to the inside 
of the hole in which it runs, so that the rubbing sur- 
feces are no lonffer one metal upon another, but plum- 
ba^ upon plumbago. These surfaces, by their mutual 
action, speedily acquire a polish inferior only to that of 
the diamond, and then the retardation of the machine 
from friction is reduced almost to nothing, and wear 
and tear from this cause is totally prevented. 

^^ of^ jtweUed holes injiuious io the ptrott qf 
toatchea and chronometers f 

Because, sooner or later, however perfect the pol- 
ishing mav be, the hard substance of the jewel grmda 
and cuts the ste^ pivot, and the metallic partiel^ clo|* 
^e oiL 

Whf is apectdiar mxtcd requisite for jnvot-holes f 
Because it must preserve the oil in a fltiid state, 
have little friction with the steel pivot, and be in a de- 
gree softer than the pivot, for it is of less consequence 
mat the hole be worn than the pivot. Brass is objec- 
tionable, on account of its lialnlity to rust, and gold 
is too soft for the purpose. Now, an alloy possessing 
the above requisites has lately been discovered hy Mr. 
Bennett, viratchmaker, of floibom. It consists of pure 
gold, silver, copper, and paliadium, and its Bmall ex- 
pense, compared with that of jewels, ia not its least 
recommendation. 



MECHANICS. 3? 

STRENGTH -Or MATERIALS. 

Why %8 a hoUoto $ube of nutal stronger than the same 
quanhty of metal as a solid rod^ 

Because its substance, standkig further from the 
centre, resists with a larger lever. Hence, pillars of 
cast-iron are generally made hollow, that they may 
hsLve strength, with as little metal as possible. Masts 
and yards for ships have been made hollow, in accord- 
ance with the same pmciple. 

fFhy doesn plank iend and break more readUy than 
a beam, and a oeam resting on its edges, bear a greater 
teeight Uum if resting on tts side ? 

Because the resisting lever is smaller in proportion 
as the beam is thinner. Where a single beam cannot 
be found deep enough to have the strength required 
in any particular case, as for supporting 3ie roof of a 
house, several beams are joined together, and in a 
great variety of ways, as is seen in house-rafters, &c. 
which, although consisting of three or moni pieces, 
may be considered as one very broad beam, with those 
parts cut out which do not contribute much to the 
strength. — ^Bmott, 

Whf is a beam, when bent by its weight in the middle^ 
very liable to breaJc ? 

Because the destroying force acts by the long lever, 
reaching from the end of the beam to the centre, and 
the resistiflg force or strength acts only by the short 
lever, from the side to the centre ; while only a little 
of the substance of the beam on the under side is al- 
lowed to resist at all. This last circumstance is so 
remartcable, that the scratch of a pin on the under side 
of a plank, resting as here supposed, will sometimes 
suffice to begin tib^ fracture^— ^^b^toff. 

Why is a suspension bridge more economical than an 
ordinary, or insistent bridee ? 

Because a suspension-bridge varies its curve so as 
to adopt it to any variation or pardal excess in its 

FART VII. E 
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load, in consequence of which, the strength of the 
chains may, with ffreat preciaon, be adjustod to any 
required strain, and no more : while, in insistent brid|[e% 
the liability of the arch to a &tal derangement of its 
form by partial or excessive pressure, requires an enor- 
mous increase of weight and strength, beyond what is 
reauisite for the mere support of its load, supposing it 
to be uniformly distributed.— ^{n^er. 

fVky is iron admirably adapted for the conalrucHon of 
suspension bridges f • 

iSecause the greater part of the weight of these 
bridges arises from the chains themselves, wherefore^ 
the best material for the purpose, is that which has 
great tenacity with small weight; and iron is at the 
same time the most tenacious, and, excepting tin, the 
lightest of the common metals. A square inch of good 
iron requires about 25 tons to separate it, — and it will 
not be stretched or otherwise affected, with less than 
half that^weight Rope bridges, have, however, been 
introduced, with the advantages of economy and porta- 
bility, into British India, where a rope-bridge, 1^ feet 
in length, is so light and portable, that it has been se- 
veral times set up and removed in a few hours. — Mir 
ger. 

We may here mention, that Mr. Bevan has found 
the strength or cohesion of cast-iron, to be upwards of 
30,000 pounds to the square-inch, though much de- 
pends upon the mode of applying the ^rce. 

Why is iron best cemented by cast-iron $ 

Because pure iron, when surrounded b^ and in con- 
tact with cast-iron tumines, and heated, is carbonized 
veiy rapidly, so as to exhibit all the properties of steeL 

Why is heated air now used in smdtvng iron ? 

Because it requires but three-ft>urth8 of ^e quantity 
of coal requisite, when cold air, that is, air not artifi- 
cially heated, is employed for that purpose ;^ while the 
produce of the funiace in iron, is at the same time 
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greatly increased. It is supposed, that this improve- 
ment win accomplish a saving in the cost of the iron, 
in Great Britain, to the amount of at least 200,000/. 

Why cart piles for hndge-lmSdingj driven by great 
we^his being suddenly letfaU on tAm ? 

because me body of the workman being too weak, 
to give a forcible downward push directly, he employs 
a. certain time in carrying a weight up to such an 
eievationvabove his work, mat when let ^1, its mo- 
mentum may do what is required. Here the continu- 
ed efforts of the man in Ufmig the weight, to a height 
of perhaps thirty feet, may l^ just sufficient to smk 
into the earth one inch; and the continuance has, 
therefore, balanced forces, which are to each other in* 
intensity, as thirty feet to'an inch. — AmotL 

Why does an Hl-bmU bridge generdUyJlatten in (he arch^ 
Because the builder has not sufficiently attended to 
the efSdct of the horizontal thrust of the acgih on its 
piers. Each arch is an engine of oblique force, push- 
mg the pier away from it. In some instances, one 
arch of a bridge falling, has allowed the adjoining 
piers to be pushed down towards it, by the thrust, no 
longer balanced, of the arches beyond ; and the whole 
structure has given way at once, like a child's bridge, 
built of cards.-~^mo^. 

The principle of bridge-building is beautiflilly illus- 
trated by the small toy-models ; me stones heins rep- 
resented by separate pieces of wood, which the 
juvenile architect is required to form into an arch, or 
arches. It could be wished that the above and such 
scientific toys w^re better appreciated in Eng^land. 
They seem only to suit the caprice of the moment. 
Thus, the Chinese, Indian, and other puzzles, were 
but the fiivourites of a year, and Dr. Brewster's splen- 
did kaleidoscope wasless understood, and more abus- 
ed, than any modem discovery. 

e3 
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HTi^ do the great domea^ of churches resemble aimpk 
arches f 

Because they have strength on the same principle, 
being in general, strongly bound at the bottom, with 
chains and iron bars, to counteract the horizontal 
thrust of the superstructure ; this binding, in truth, re- 
sembling a pier all round. St. Peter's at Rome, and 
St. PauFs in London, are fine examples; as is ak^e 
the large fir roof of the Basilica of St. Paul's. M 
Kome, the trusses are double, and placed fifleen inch- 
es asunder, which gives it, probably, more stalnlity 
than if they were strapped and bound into single 
masses. 

Ffhy is the Gothic or pointed arch so umversaUy ad- 
ndred for its strength ana beauty f 

Because it bears the chief weight on ka summit or 
key-stone. Bi^op Warburti^n, in his Diviiu Legation^ 
supposes the Gothic arch to have been taken from an 
avenue of trees. Hence the "high o'er arching 
groves," and " the verdant portico of woods," of Mil- 
ton and Thomson ; Cowper says, 

" The grove receives us next, 

Between the upright shafts of whose tall elms," &c. 

In Betchworth Park, Surrey, is an avenue of gigantic 
elms : its length is 350 yards, resembling the nave of a 
cathedral ; the trees form, on the outside, a vast screen 
or wall of verdure ; within, the branches, meeting at a 
great height in the air from the opposite rows, form 
" Grothic arches," and exclude every ray of the meri- 
dian sun. 

ffhy does the arched form hear pressure so odnwrMy^ 
Because, by means of it, the for<5e that would de- 
stroy is made to compress all the atoms or parts at 
once, and nearly in the some degree. The whole sub- 
stance of the arch therefore resists, almost like that of 
a straight pillar under weight, and is nearly as strong. 
The strength of the arched form is exemplified m 
the well-known experiment of bottles, containing only 
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lur, mid corked, being let down into the sea, and drawn 
up filled with water, and the cork driven in below the 
neck of the bottle. Thus, if the bottle have flat sides, 
and be square-bottomed, it will be broken by the prcs^ 
sure ; butj if it be round, it will be more likely to resist 
the pressure, and have the.cork forced in. The shape, 
in this case, is conducive to strength, — ^partaking of the 
qualities of an arch. 

It is not known at what period the arch was invented, 
but it was comparatively in modem times. The hint 
was probably taken from nature ; arched rocks l)eing 
among the interesting wonders of the earth. At Lewis, 
in the Hebrides, is a stupendous specimen of curved 
gneiss, (a primitive rock, in which metals mostly 
abound) which has the bold ^mmetry of the Saxon 
arch, it is a matter of surprise, that, with so many 
specimens in nature, the arched form was not adopted 
earlier. The human skuU is another specimen jof the 
arched form ; and the strength thus obtained, explains 
the unseeming impossibility of breaking an egg by 

Eressing it endwise between our hands : again, what 
ard blows of the spoon or kniie are oflen requisite to 
penetrate the shell. ^The weakness of a similar sub- 
stance, which has not the arched form, is seen in a scale 
from a piece of free-stone, which so readily crumbles 
between the fingers." 

It is generally admitted, that the early Greeks were 
unacquainted with the principle of constructing the 
arch, and that neither ihe Indians nor Egyptians were 
acquainted with it. In Egypt, however, the monu- 
ments of which country are more ancient probably than 
any other on the face of the globe, the form of the Ro- 
man arch was well known, as is attested by remains of 
passag;e8 cut otU in stone. Among the ruins of The oes, 
sun-dried brick-buildings have &en found to contain 
constructed arches, which may be referred to an age 
coeval with Thebes itself, as well as to any later pe- 
riod. In the oldest buildings of the Hairan, are round 

E 3 
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and pointed arches, cut out and constructed ; so that 
the arch may be carried back to the earliest period at 
which these fertile plains were first peopled by a race 
dwelling in houses ; and this we know to have been as 
early as the time of Job, or even before, as, in his day^ 
his sons and daughters feasted luxuriously in houses. 
It is not, however, to be necessarily inferred from this, 
that the Romans borrowed the form of the arch, or the 
principle of its construction, from the East, since these 
might both have existed in this quarter at an early i)e- 
riod, and yet have been discovered in Italy at a much 
later date, without any knowledge of its existence else- 
where. — Abridged from Buckingham's Travels. 

Why is the invtnJtion of architecture attributed to (he 
JEgyptians7 

Because the Egyptian capitals are a complication of 
orders in one mass, which, if divided, would produce 
numerous hints for new ideas. Thus, from the totus- 
leaved capitals, it will be acknowledged, that the Doric 
and Corirdhian orders have been extracted. The lonie^ 
also, is believed to have originated in Egypt ; from the 
remains of the small temple of Isis, in die island of 
PhilsB. Isis, is the lo of the Greeks, from whom the 
name of Ionic was no doubt derived ; and it is very 
probable, that he who introduced the order gave it that 
name) as having been taken from the temple of the 
goddess. Such is the hypothesis of Bclzoni, respecting 
three of the five orders ; the remaining two are thus 
explained : — ^the Tuscan^ by inspection, and comparison 
of its component elements, will be found almost the 
same as the Doric, and is evidently derived fix>m it ; 
and the Composite is formed of the proportions and en* 
richments of the Corinthian order, and the angular 
volute of the Ionic. 

Why did the Egyptians erect such stupmdous m&nU' 
merds as the pyramidsf 

Because, it is conjectured^ of the policy of the 



MECHAincS. 43 

JBgyptian rulers, whose plan to prerent .the evils of 
orer-populousness, was, to accustom the lower orders to 
a spare diet, and employ them in the construction of 
huge edifices, destined for tombs, Or the temples of re- 
ligion. Hence, the pyramids and excavated temples, 
wiich still excite the wonder of the world, and prove 
what may be effected by the aid of the simplest ma- 
chinery, — wixh time, numbers, and perseverance. — 
Bdzoni, 

Why do the more ancient Egyptian monuments ex- 
ceed me later in design and execution 9 

Because, among tne £g3rptians, every thing advanced 
to -a certain point of perfection ; — ^there stopped, never to 
advance, but rather to recede. — Belzoni, 

Why are light-houses buUt of a circular form f 
Because, partaking of the properties of the arch, it 
best enables them to withstand the fury of tempests, 
from every quarter. The Eddystone light-house, biiilt 
by Mr. Smeaton, the English engineer, is a splendid 
triumph of this principle. 

Why were mirrors first used for r^ecting light- 
houses'? 

Because of the following trivial circumstance. 

A.t a meeting of a society of mathematicians, at Li- 
verpool, one of the members proposed to lay a wager, 
that he would read a paragraph of a newspaper, at ten 
yards distance, v^th the light of a farthing candle. 
The wager was laid, and the proposer covered the in- 
side of a wooden dish ymth pieces of looking-glass, 
fiistened in with glazier's putty, — ^placed his reflector 
behind the candte, and won his wager. One of the 
company marked this experiment with a philosophic 
eye. This was Capt. Hutchinson, the Dock-master, with 
whom originated the Reflecting Light-houses, erected 
at Liverpool, in 1763. 

The revolving lights, as at Calais, are an improve- 
ment upon this invention. Lieutenant Drummo d*B 
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ingenious application of ignited lime . to the illumina- 
tion of light-houses, a briltiant discovery of the present 
day, has been already noticed.* 

Why is hempen-rope prefircible to iron-chain for iht 
scale of a weighing beam ? 

Because the rope resists a greater weight falling into 
the scale than is resisted by the chain, and is attoge- 
ther stronger than the chain ; the hemp yields by its 
elasticity, and continues its resistance through a con- 
siderable space and time, — ^and thus at last gradually 
overcomes the momentum ; while the iron, by not yield- 
ing, either requires to be strong enough to Stop the 
mass suddenly, or breaks. 

Why are chain cables stronger than those of hemp or 
rope ? 

jBecause the chain, by its weight, hangs as a curve 
or inverted arch in the water, while the rope being 
nearly of the weight of water, is supported by it, and 
becomes almost a straight line from the anchor to the 
ship ; and when a great wave dashes against the ship, 
the straight rope Can only yield by the elasticity of its 
material, and,, comparatively, therefore, a little way; 
but the bent chain will yield until it be drawn nearly 
straight, and by this greater latitude of yielding, and 
consequent length of resistance, it will stand a greater 
shock. — JimoU, 

Whf is British'oak m/ore durable than ihat of North 
•America ? 

Because variable weathcfr, as in Britain, conduces to 
firmness, whereas, the hot summers of North America 
impoverish its growth. 

ffhy is steaming prejudicial to timber ? 

Because the heat and moisture together, alwayi 
weaken that constituent principle of the timber, upon 
which its strength and durability in a great measure 
depend. 

* See Popular Chxmistbt, page 50 
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Whf is steaming indispensable fit ahip-imUUng f 
Beouise the planks caonot be otherwiae curved or 
twisted, as in the bends of the hull of the vessel. 

To give an idea of the enormous quantity of timber 
necessary to construct a ship of war, we may observe, 
that 2,000 tons, or 3,000 loads, ai*e computed to be rei- 
quired for a seventy-four. Now, reckoning fifiy oaks 
to the acre, of 100 years standing;, and the quantity in 
each tree at a load and a half, it would require forty 
acres of oak-fi>rest to buUd one seventy-four ; and the 
quantity increases in a great ratio, for the largest class 
of line-of-battle-ships. A first-rate man-of-war requires 
about 60,000. cubic feet of timber, and uses 180,000 
pounds of rourii hemp, in the corda^ and sails for it. 
The average duration of these vast machines, when 
employed, is computed to be fourteen years. It is 
supposed, that all the oaks now in Scodand, would not 
build two ships of the line. In Sweden, all the oak 
belongs* to the king, or the proprietors of estates can 
only mspose of it to government ; so that, when not 
wanted for the navy, it is often lefl to decay, and in- 
deed, is generally much neglected. 

Why is teak wood superior to 'oak f 

Because it is stronger and more buoyant. Its dura- 
bility is more decided ; and, unlike the oak, it may be 
put m use almost green from the forest, without dan^r 
of wet or dry rot The oak contains an acid which 
corrodes and destroys iron ; the teak, on the contrary, 
possesses an essential oil which preserves iron. 

Why are heeeh and dm good timber for the lower 
keds of ships, and the piles of bridges ana4iarbours ? . 

Because both, when under water, are extremely 
durable ; though neither stand the effects of the at- 
mosphere. 

Why is fir preferable to oak far eemnum building f 
Because it is tighter, fiir more elastic, more easily 
worked, straighter, and of much greater length. The 
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best that comes in the form of deals, is from Chrntiana 
and Frederickstadt, chiefly- on account of the vast su- 
periorltjr. of the saw-mills there. 

Why toas cheaintd ustd in ancient roofs ? 

Becaose of its lightness and durabihty. The largeai 
roof of the andent construction is that of Westminster 
Hall, which is of chesmut. The sunport of eveiy piece 
of timber is apparent ; and the only strain which ap- 
pears directly across die timber is on the boards and 
rafters between <he great trusses ; and it does not ap- 
pear to be in the least decayed, although •constructed 
v>ur hundred and fifty years since. 

COAtiS AND GUNPOWDER. 

Why care coals so productive of grand met^nicai 
ejects? 

Because of their great hidden powers, which we 
can at pleasure call into action. Thud, it is well 
known to modem engineers, that there is. virtue in a 
bushel of coals, properly consumed, to raise seventy 
millions of pounds weight a foot high. This actually 
is the average effect of an engine at this moiyent work- 
ing in Cornwall. The Menai Bridge, one of the most 
stupendous works of art that has Ix^en raised by man 
in modem ages, conMsts of a mass of iron not less than 
four milhons of pounds in weight, suspended at a 
medium height or about 120 feet above the sea. The 
consumption of seven bushels of coal would suffice 
to raise it to the place where it hangs. 

The great pyramid of Egypt is composed of granite. 
It is 700 fe0L in the side of its base, and 500 in per- 
pendiculai* heiffht, and stands on eleven acres of ground. 
Its weight is, uerefbre, 12,760 millions of pounds, at a 
medium height of 125 feet ; consequently, it could be 
raised by the effort of about 690 chaldrons of coal, a 

Suantity consumed in some foundries in a week* — 
: F. HerscheL 
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Ifh^ ia gunpowder anoiher mporkmt smtrce qf hm- 
ehamad power f 

Because of the tremendous Ibrce which it exercises 
in certain operations, as blasting rocks, &o» in die 
progress of mechanical works. Thus, in the progress 
of cutting the Delaware Canal, four kegs of gunpow- 
der, containing about KK^b. were, in 1629, used for a 
angle blasts and had the effect of rending .in pieces 
more than 400 cubic yards of rock.* 

Yet it is only when we endeavour to confine gun- 
powder, that we get a full conception -of the immense 
energy of that astonishing agent. In Count Rumford's 
experiments, twenty-eight grains of powder in a small 
cylindrical space which was just JUled, tore asunder a 
piece of iron which would have resisted a strain of 
400,000 pounds, applied at no greater mechanical dis* 
advantage. 

BALANCES. 

}f%y are we enabled to determine (he reUxtive weight 
qf aiidy^ compared with the weight of aoMiher body, 
assumed as a standard^ by means of the baiance ? 

BeVause the balance consists of an inflexible rod or 
lever, called the beam, furnished with three axes; 
one, the fulcrum, or centre of motion, situated in the 
middle, upon which the beam turns, a^^d the other two 
near the extremities, and at equal distances from the 
middle. These last are called the points of support, 
and serve to sustain the pairs or scales. These points 
and the fulcrum are in the same right line, and the 
centre of gravity of the whole should be a little below 
the fulcrum, when the position of the beam is hori- 
zontal. The arms of tbs lever being equals it follows, 

* By way of parallel with tiik effect, thoagb produced by differtSnt 
ni«an8,we mfty mention that in 1825 there was opened in Gochin- 
CThina, a canal twenty-4hree miles Ion{^, etf^hty feet wide, and twelve 
feet deep. It was begun and finished in six weeks, although carried 
through large forests, and over extensive inarshes. Twenty thousand 
men were at work upon it day and night ; and it is said that seven 
thouaaiid died of fatigue 
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itmt if equal welgfats be put into the scales, no ellect 
will be produced on the position of the baiuice, and 
the beam will remain honzontal. If a small addition 
be made to the weight in one of the scales, the hori- 
zontality of the beams will be disturbed ; and, after 
oscillating for some time, it will, on attaining a state 
of rest, form an angle with the horizon, the extent of 
which is a measure of the delicacy or sensibility of the 
balance. 

ffhy should not ihe ioeights of a hakmee be touched by 
thehandf 

Because that would not only oxydate the weight, 
(or cause it to rust) but by raising its temperature, it 
would appear lighter when placed in the scale-pan, 
than it snould do, in consequence of the ascent of the 
heated air. For the large weights, a wooden fork or 
tongs should be employed ; and for the smaller, a pair 
of forceps made of co{^r ; this metal possessing suffi- 
cient elasticity to open the forceps on their being re- 
leased from pressure, md yet not opposing a resistance 
sufficient to interfere with diat delicacy of touch, which 
is desirable in such operations. — Kater. 

Why does one weight alone serve to determine a great 
variety of others, hy the steelyard $ 

Because the steelyard is a lever, having unequal 
arms, and by sliding the weight along the longer arm 
of the lever, we thus vary its distance from the ful- 
crum, taken in a reverse order ; consequently, when a 
constant weight is used, and an equilibrium estab- 
lished, by sliding this weight on the longer arm of 
the lever, the relative weight of the substance weighed, 
to the constant weiffht, will be in the same proportion 
as the distance of the constant weight from the ful- 
crum is to the length of the shorter arm. 

Why is the spring steelyard in very general use ? 
Because of its portability ; as a spring diat will as- 
certain weights fix>m one pound to dfly, is contained 
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in a eylmder ODly 4 inches Jong, and f inch diameter* 
To uie this instrument, the'sulMtance to be weighed is 
suspended by a hook, the instrument being held by a 
rin^ passing through the rod at the other end. The 
sprmg then suffers a compression, proportionate to the 
weight, and the number of pounds is indicated by the 
division on the rod, which is cut by the t(^ of the 
cylindrical tube. — KaUr, 

The dial weighing machine is a modification of the 
same principloj connected with hands on a dial or 
clock-race to denote the weight. 

WATER. 

Why do water-wheels vary in their construcHon ? 
Because of the different ways in which the mecha- 
nical force of the liquid is intended to be applied. 

Why are certain of these wheels called overshot^ 
Because the water by which they are impelled de- 
scends from its level to a lower one ; its weight during 
the descent (falling, as it were, over the wheel) caus- 
ing the wheel to turn. That this may be possible, it is 
only necessary that there should be a sufficient supply 
of water at the superior level, and that there should be 
a means of carrying it off after its descent, so as to 
prevent by its accumulation, the equalisation of the 
two levels. Hence the necessity of flood-gates in a 
mill course. On the circumference of the wheel the 
weight of the water is mtde to act in its descent, in a 
direction as nearly as possible at the right angles to 
the spokes, or radii; this pressure, however, acting 
o^y at one side of the wheel ; thus making the whe^ 
revolve, and communicate motion to its axis ; and this 
motion being transmitted by wheel-work, and other 
contrivances, to the machinery which it is required to 
work. 

Why art other ioheels caUed vndershotf 
Because the flat or float boards placed at equal dis- 
tances on the rim, and projecting fi'om it, in direc- 

PAKT VII. r 
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tions divergixiff fit>in its centre, are intended to receive 
the impulse of the water as it passes wader the wheeL 
The wlteel is thereby caused to revolve in the direc- 
tion of the stream, with a force depending on the 
quantity and velocity of the water, and the number, 
form, and position of the float-boards. 

The breast wheel partakes of the nature of the over- 
shot and undershot wheels ; like the latter, it has float- 
boards ; but, like the former, it is worked more by the 
weight of water than by its impulse. 

The pwoer of water on wheels may be thus illus- 
trated. If 100 gallons per minute be equal to a cer- 
tain power with one foot of fall, one gallon per minute 
will perform the same work with 100 feet of fall.* 

Why is the hydrostatic or BramaKs press, ano&ier * 
example of ike mechanical agency of uater 7 

Because water, in common with all fluids, possesses 
the power of transmitting pressure equally in every 
direction. In this instance, too, it is materially aided 
by the mechanical efiicacy of the lever. 

Pascal demonstrated this principle and its advan- 
tages, by fixing to the upper end of a cask set upright, 
a very long and narrow cylinder. In filling the bar- 
rel, and afterwards the cylinder, the simple addition 
of a pint or two of water, which the latter was capable 
of containing, produced the same effect as if the cask, 
preserving its diameter throughout, had its height in- 
creased by the whole length of the cylinder. Thus, 
the increase of weight of a pint or two of water, was 
sufficient to burst the bottom of tlie hogshead, by the 
immense augmentation of pressure it occasioned. Now, 
if we suppose the water removed from the cylinder of 



* The mechanical force of running water is tremendous. During 
the great storm and flood in Scotland, in 1829, the river Don forced a 
mass of 400 or 500 tons of stones, many of 200 or 300 pounds weight* 
up an inclined plane, rising 6 feet in 8 or 10 yards. A stone of 3 or 4 
tons, was likewise moved out of a deep pool of the river, 100 yards 
nom its iriace. 
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nanrow dimendons, and replaced by a solid of equiva- 
lent weight, such as a piston, it is evident that the 
pressure must remain everywhere the same. Again, 
if we suppose the weight of the piston to be multiplied 
by the power of a lever acting on its shaft, the pres- 
sure will be proportionally augmented, so as to pro- 
duce on the Dottom of the cask a pressure equivalent 
to an enormous weight, with the exertion of very Uttle 
primitive force on the piston. — JVoies in Science. 

This property of liquids also enables us with great 
&ciUty to tralnsmit the motion and force of one ma- 
chine to another, in cases where local circumstances 
preclude the possibility of instituting any ordinary 
mechanical connexion between the two machines. 
Thus, merely by means of water-pipes, the force of a 
machine may be transmitted to any distance, and over 
inequalities of ground, or through any other obstruc- 
tions. ' 

Why i8 the hydrostatic press more advantageous (han 
ihaJt toorked by a screw ? 

Because between solids and fluids there is little or 
no friction ; and, accordingly, in the hydrostatic press 
no force is lost by friction, except what is necessary to 
overcome the friction of the pistons in the cylinders. 
The loss of power in the screw, by means «f friction, 
has already been explained at page 3^ 

ANIMAL STRENGTH. 

' Why does the rede of steam carriages surpass the ut- 
mdst itretch of animal power ? 

Because the machine by which they are propelled, 
unlike any animal, rolls along unimpeded in any de- 
gree by the speed of its own motion. 

According to some experiments, recently made by 
Mr. Bevan, to determine the actual force of draught 
of carriages upon common roads, it appears that five 
horses will draw with equal ease the same load upon 
a good hard turnpike road, as thirty-three horses can 

f2 
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do tipon loose sand. Or, if we assume the value of 
draught, upon a well-formed road in good condition, 
at 6& per ton per mile, the eouivalent price of draught 
will be upon hard turf, 7iJL; hard loam 9idL; o^- 
nary bye-road, la, 7d; newly gravelled road, 29. ^kL; 
loose sandy road, St, Id, — Pruha. Mag, 

The power of some do^ is very extraordinary. Nine 
Esquimaux dogs, belonging to Captain Lyon, dragged 
1611 pounds one mile (1760 yards) in nine minutes^ 
and worked in this manner for seven or eight hours 
a day. 

WhfU it 90 di»<xdvanU^eou8 to propd boats on canals 
hy means of harstsf 

Because the expenditure of animal strength takes 
place in a fiur greater proportion than the increase of 
speed. Thus, if ahorse of a certain strength is barely 
able to transport a given load ten miles a day for a 
continuance, two horses of the Rame strength will be 
altogether insufficient to transport the same load twenty 
miles a day. * To accomplish that a greater number of 
similar horses would be requisite. If a still greater 
speed be attempted, the number of horses necessary to 
accomplish it would be increased in a prodigiously 
rapid proportion. Thjs will be evident, if the extreme 
ease b^ considered, viz., that there is a limit of speed 
which the horse, under no circumstances, can exceed. 
In an ordinary canal one hprse with a boat will be suf- 
ficient for every thirty tons. 

Why is a man better enabled than a horse to carry a 
tsejght up a steep hiU f 

because the peculiar disposition of the limbs of a 
man, renders him well fitted for this species of labour; 
whereas it is the worst method in which a horse can 
be employed. It has been observed that three men 
climbing a hill, loaded with lOOIbs. each, will ascend 
with greater speed than one horse carrying SOOlbs. 

The average value of human strength, considered 
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as a mechanical agent, has been yaiiously estimated. 
I^esaguliers considenB that a man can raise the weight 
of 5501bs. ten feet high in a niinute|»and continue to 
do so for six hours. Smeaton, however, thinks that 
mx good English labourers will be required to raise 
Sl,141 solid reet of sea^water to the height of four feet 
in four hours. In this case, they will raise very little 
more than six cubic feet of fresh water each, ten feet 
high in a minute. The labourers whom Smeaton 
supposes to execute this work he considers to be equal 
to twice the number of ordinary men. It would, 
therefore, perhaps, be a fidr average value of a man's 
work to estimate it, for a continuance, at half a hogs* 
head of water raised through ten feet in a minute. 

The efforts of men differ with the manner in which 
these efibrts are employed. It has been shown by 
Mr. R. Buchanan, that the same quantities of human 
labour employed in working a pump, turning a wheel, 
ringing a bell, and rowing a boat, are as the numbers 
100, 167, 227, and 248. The most advantageous 
manner of applying human strength is in the art of 
rowing. — The stren^ of an ordinary man walking in 
an lujrizontal direction, and with ms body inclining 
forward, is, however, only equal to 271b., «and it' is 
known by experience, that a horse can draw horizof^ 
tally as much as seven men. 

Why is the potoer of a steam-engine expressed in 
horse potoerf 

Because this mode yras introduced when steam en 
^es first began to supersede horse mills, when the 
manufacturer naturally inquired how many horses a 
steam-engine would dispense with. Hence the ex- 
pression is more practical than scientific. 

The power of a horse is understood to be that which 
will elevate a weight of 33,000* pounds, the height of 

■P III ■■■ I ■ ■ ■ ■■— I IIW M II^MlllMfc. .1 I ■>■■■■ > I I ■■ ■ ■ ^ ■ ■■ ■ '■ 

* Another estimate reduces this to only 93,000 pounds, raised one 
foot high in a minute, equivalent to 100 pounds in two miies and a 
half per hour. 

F 3 
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one foot in a minute of time, equal to about dOpoundi 
at the rate of four miles an hour* This is a forc6 
greater than that exerted by a common cart horse, 
which is not estimated at more than 70 pounds : that 
18 to eay, that a horse harnessed to a cart, weighing*, 
with its load, forty cwt. or two tons, and drawing on a 
level road at Uie rate of four miles an hou^i makes use 
of the same forca, as if his traces, instead of being 
ftstened to a cart, were passed over a pulley, and Itft* 
ed perpendicularly a weight of 70 pounds. 

A steam-engine consumes about *M fbet of steam 
per minute for every horse-power. — ^ate^ in Science. 

RAILWAT3. 

Why are raUwcofs more economical than ordinary 
roadsf. 

Because, to drag a loaded waggon up one inconsid-* 
erable hill, costs more force than to send it thirty or 
forty miles along a level railway ; and tlie conclusion 
follows, that although the original expense of forming 
the level line might materially exceed that of making 
an ordinary road, still, in situations of great traffic, the 
difference would soon be paid by the savings; and 
when onc^ paid, tl^e savings would be as profit ever 
after. — AmoUn 

By way of illustrating the great economy of ma- 
chinery, we may observe, that in Sedjah, (where the 
Arabs obtain fine millstones] ^ their unskilmhiess and 
want of proper implements adapted to their labour, 
with the expense of carriage from the quarry to tlie 
place of sale, each stone reqdiring a single camel, 
(wheel carriaj^es and good roads being entirely un- 
known) occasion an advance above the prime cost at 
which they might be hewn in Englfind, of at least 500 
per cent, each pair of stones costing from ten to twen- 
ty pounds sterling." — Buckingham's Travels. 

Why has a suspension railway been' represented as 
more advarUageous than a ground railroad ? 
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fieeanse the former takes a straigbtfbrward point 
from one town to another, without i:egard to the 8ur-> 
face of the country over which it h^ to go, whether 
rising or falling, a perfect level being c3>tained by 
varying the heights of the pillars or piers which sup- 
port tl^ railway ; while its height above the ground 
allows a^culture and commerce to go on under it 
without mterruption. The cost of a suspension rail- 
way has been estimated at £1,400 per nule, which is 
about two-thirds less than the average expense of a 
ground railroad. Models of a suspension railway, and 
carriages adapted to it, were recently exhibited in Lon- 
dcMi, by Mr. Maxwell Dick, their inventor. 

fVky is tDrovght iron prtftrakle to cast iron for rail-' 

Because by wrought iron rails we reduce the num- 
ber of joints ; the difficulty of making the rails perfectly 
even at the joints, has also contributed much towards 
the introduction of wrought iron. 

Edge railways were firet made of wood, near New- 
castle ; these were next covered with plates of wrought 
iron in the parts most likely to wear. Cast iron ww 
subsequently introduced there and elsewhere; and 
wrought iron is now being very generaUy substituted 
for the cast 

Why has U been proposed to transfer the power of fixed 
and cheap first movers to locomotive carriages^ fyc. travel' 
ling on common turnpike roads 9 

Because the power of a steam-en^ne, moving with 
the locomotive carriage, is very expensive when oon>- 
pared to an equal power obtained by a large ordinary 
fixed engine, a wind or water mill, or other common 
first mover. Mr. Fordham, the originator of this plan, 
proposes to condense air into cylinders, and then to 
use this condensed air as the motive force. 

ffhy has the application of steam to lamd^ carriages 
been so long a favourite project tvUh nudumiciansf 
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Because the transition from the one element to the 
other appears, at first view, to be so simple and eai^ : 
the same mechanical process which turns the paddle 
wheels of a vessel in the water, would seem quite ade- 
quate to impart a similar motion to the wheels of a 
carriage on land. So early as the year 1769, Mr. 
Watt mentions the practicability of applying it to 
domestic improvement, though it does not appear that 
Watt gave motion to a carriage. Symington, who 
claims tlie original invention of the steam-boat, had 
previously contrived a similar application for the im- 
pelling of carriages; and actually exhibited, in the 
year 1787, in Edinburgh, the first model of a steam- 
carriage that was perhaps ever seen. Hence we may 
conclude that the repeated failures in the plan have 
not been occasioned so much by the want of practical 
skill, as by some radical difficulty which had not been 
sufficiently adverted to. 

The steepest inclined planes which, as far as we are 
aware, locomotive engines have attempted to surmount, 
are those on the Bolton and Leigh railway, in Lan- 
cashire. One of these planes is a mile and a half 
long, and rises one yard in thirty. Up the former of 
these the Sans PareU engine ascended, dravtdng afler 
her her tender carriage with coal and water, two 
waggons loaded with iron, and a carriage with passen- 
gers, making a gross weight drawn, of about fifteen 
tons ; vrith which she moved at the rate of nine miles 
per hour. Up the steepest plane (rising 1 yard in 30) 
she drew her tender, and one carriage with passengers, 
the gross weight being about four tons fifteen cvn., 
with which she ascended at a speed of from nine to 
eleven miles per hour; each of^ these performances 
beinff equal to about sixty-five tons drawn on a level. 
-^JVSfe to Quarterly Revieio. 

Why was the diffwuUy iust adverted to greater in tht 
land carriage tJian in the boat ? 

Because of the resifitance to the progress of the 
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euriage by the inequalities and other obstructioxui on 
the roads. It is not here as in navigation, where the 
moat enormous weights are buoyed up by the Uquid 
element, without increasing, in the same degree, the 
resistance to the vesseL Every additional load to a. 
land carriage creates an additional resistance, arising 
from inertia, friction, and* other such impedimenta, 
exactly in proportion to its weight — Quarterly Review. 

Why does the jurbgrtss of locomotkfe engines om raU' 
roads appear so (airaordinahf f 

Because we compare their moving power and resist- 
ance with other moving powers and resistances ta 
which our minds have been ^miliar. To the power 
of a steam-engine, in fact, there is no practical limit ; 
the size of the machine and the strength of the mar 
terials excepted. This is compared with agents to 
whose powers nature has not only imposed a Umit, 
but a narrow one. The strength of anmials, as just 
shown, is circumscribed, and their power of speed 
still more so. 

fFhy art raSways ustudly laid down in doubU 
linesf 

Because carriages, moving in opposite directions^ 
may pass each other without interfering. In the same 
manner, a third or fourth, or more lines, may be. laid 
down, if necessaiy ; and, between them are conmiu- 
nications, at intervi^ by which any carriage overtar 
king another in the same track, may turn aside to one of 
the adjacent Hues, and pass it, without stopping either. 

Tbe Chevalier Baader, of Munich, has contrived a 
plan fbr this purpose^ so that no siding planes nor 
turning plates are necessary ; and turning can be per- 
formed almost as quickly and as easily as upon a 
common turnpike road. He has also const];ucted 
^A^^i^ so that upon a dead level, the power of one 
horse is sufficient to draw with ease, and at a good 
pace, a load of from twelve to fourteen tons, when 
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dirided amongst several carriaffes linked together. 
The Chevalier also states that he has discovered a 
new principle, by which the power and motion of 
stationary steam-eneines, and other machines, estab- 
lished at considerable distances apart, along the rail- 
roads, and working without interruption, can be im- 
parted to any number of loaded carriages passing 
upon the railway, from one steam-engine or machine 
to another, without the employment of drag-ropes or 
chains, or, indeed, of any intermediate apparatus; 
and yet with any reasonable degree of velocity. These 
extraordinary statements are made in the FrankUn 
Journal, 1830. 

Why are the resistances wkich occur on a railway 
rather diminished than increased hy velocHy of motion ? 

Because the quicker we move along, there is the 
less time for the retarding force to operate ; by in- 
creasing the rapidity, we escape, in some degree, from 
its influence, and may really be urged forward with a 
smaller amount of force, provided the machinery be 
adapted to so quick a rate or motion. — Quarterly Review. 

Why has a tvihvlar hoUer, or one composed of wdded 
iron pipesy been adopted by Mr. Gumey, in his steam 
carnage f 

Because, even from the bursting of such a boiler, 
there is hot the most distant chance of mischief to the 
passengers. Instead of being, as in ordinary cases, a 
large vessel closed on all sides, with the exception of 
the valves and steam conductors, which a high pres- 
sure or accidental defect may burst, Mr. Gurney's 
boiler consists of a horse-shoe of pipes, and the space 
between them is the furnace ; the whole being enclo- 
sed with sheet-iron. The only possible accident would 
therefore be the bursting of one of these pipes, and a 
temporary diminution of the steam power, according 
to the proportion the pipe bears to the whole boiler. 

Why were two steam cylinders introduced instead qf 
onCf in the early locomotive engines ? 
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Because, by acting at different parts of tbe wheels, 
they produqed a much more regular motion than for- 
merly, and rendered unnecessary a fly-wheel, which 
had hitherto Been used. 

Ifhy toere iht early evigines so ii^wricma to the 
rcdlway^ 

Because of their enormous weight, amounting to six 
or ei^t tons, exclusive of the tender for water and fuel. 
The Rocket, lately constructed by Messrs. Stephenson 
and Co. of Newcastle-upon Tyne, weights only four 
tons five cwt.j and the Novelty, by Messrs. Braith- 
waite and Ericson, weighed but two tons fifteen cwt. 

Why is a low chimney desirable, a^ in the Mvdty 
enmief 

Because it enables the proprietors of the railvray 
to reduce the height of all the bridges under which 
the engines must pass, in crossing any of the public 
as well as private roads. It will admit of a deduction 
of seven or eight feet fi-om the height of the mason- 
work in every such bridge. What a saving, then, must 
this produce in the original cost of a railway, through 
a cultivated country, where these bridges must fre- 
quently occur. — Quarterly Remew. 

Why is it no longernecessary to lay out railtoays on a 
perfect levels 

•Because engines have already been made to draw 
carriages up inclined planes rirang one yard in thirty, 
and one yard in seventy-two, at the rate of from nine 
to eleven miles an hour. Hence we are enabled to 
vary the levels, and adapt them to the undulating 
nature of the country through which the line passes. • 

Why are steam carriciges for the conveyance ojfgoodsy 
expected to imprtyve the internal intercourse of this coun- 
try in a very vnportant degree f 

Because it is calculated that the carriage of goods, 
which is now about 9d, or lOd. a ton per mDe, by 
land, would thus be reduced to 2d.; and, in point of 
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■peed, one day would do the woi^ of four. The 
heaviest commodities, such as corn, potatoes, coak, 
&c. would bear the expense of carriage for a hundred 
miles; tte expense of living in great towns would bo 
leduced, and the price of raw produce would rise in 
remote parts of the country. 

Again, " with so great a facility and, celerity of com- 
munication, the provincial tovims of an empire would 
become so many suburbs of the metropolis, or father, 
the effect would be similar to that of collecting the 
whole inhabitants into one city.*' — Scotsman News- 
paper. 

Another great source of revenue and of trade, from 
this improved mode of intercourse, (observes the Quar- 
teriy Review) would arise from the co^veyance of 
those fine goods, parcels of value, and all light articles, 
where speed and certainty are required; and which 
are now sent, at great expense, by coaches. In this 
manner the seats of the various finer and Ughter 
manufactures would be brought almost into immedi- 
ate contact with the great markets for their di^osal. 
A merchant in London, on receiving any particular 
order, might send either to Nottingham, to Birming- 
ham, or to Sheflield, or even to Manchester or Leeds, 
and have the goods in his shop the next or following 
day, at an expense not exceeding 1«. 6^. or 29. 

Lastly, the rapid circulation of intelligence. The 
mails might travel safely at 25 miles an hour, and 
letters be conveyed between London and Edinburgh, 
a distance of 400 miles, in 18 hours ; so that an event 
happening in London^ would be known in Edinburgh 
the same day. 

As an example of the difiiculties of internid naviga- 
tion, before the introduction of steam for that purpose, 
it may be mentioned that, on the great river Mississip- 

r' which fiows at the rate of five or six miles an hour, 
was the practice of the boatmen, who brought 
down the pin^duce of the interior to 'iiew Orieans, to 
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break up their boatt^ sell the timber, and a fter w awto 
return home fi^wly by land ; and a voyage up the nrer 
from New Orleans to Pittsburgh, a Jiatance of about 
two thousand miles, could hardly be accompti^ed, 
with the most laborious efforts, within a period of four 
months. This voyage is now made by steam-boatis^ 
with ease, in 15 or 20 days ; and at the rate of not less 
than fiye miles an hour. 

ffhy tooidd steam be cuhantageous for jnvpeUing 
phugM and other agrietiUta^al imfiemerds ? 

Because, independently of the saving of horses and 
their food, the farmer would never be obliged to work 
his soil, but when it was in a proper condition for that 
purpose. Mr. Loudon thinks that to apply steam suc- 
cessfully to agriculture, the engineer ought not to seek 
for a new implement, but Gdrnpfy fi>ra convenient loco- 
motive power for propelling the implements already in 
use, modified so as to suit me new impelling power. 

Why are the locomotive engines ao advantageous for 
the conveyance of passengers f 

Because they admira rate of speed that would be en - 
tirely inconsistent with safety, even although it were 
practicable to attain it with animal power. It would 
be still imprudent, however, to adopt the utmost rate 
of thirty miles, because such an unusual rate of velo- 
city, surpassing that of the swiftest horse, would be 
alarming, if it were not dangeroua At the rate of 
twenty miles an hour, however, it might be perfectiy 
practicable to travel witii the utmost safety and com- 
fort The economy of the plan may be illustrated as 
follows : — Between Liverpool and Manchester, we may 
safely estimate the number of passengers every day at 
400 each way, and the average fare to be about seven 
shillings each ; the daily expenditure vnll amount, in 
this manner, to about 2802. By the use of steam- 
coaches, the feres will jte rcduMd to twoHibillinga 

PART VII. 6 
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and Bucpence^ and would thus amount only to WOL 
per day, making a daily saving of 1802., or upwards of 
60,000i. per annum. 

The expense of the Liverpool and Manchester Rail- 
way, is now estimated at upwards of 20,0002. for each 
mile ; the whole cost amounting to 820,0002. 

The rails used on the Liverpool and Manchester road 
are made of forged iron, in lengths of five yards each, 
and weigh thirty-five pounds per yard. Every three 
feet the rails rest on blocks of stone, let into the ground, 
containing each nearly four cubic feet. Into each 
block, two holes, six inches deep, and one inch in dia- 
meter, are drilled; into these are driven oak plues, 
and the cast-iron chains or pedestals, into which me 
rails are immediately fitted, are firmly spiked down to 
the plugs, forming a structure of great solidity and 
strong. The double lines of rails for the carriages, 
are laid down with mathematical correctness, and con- 
sist of four equi-distant rails, four feet eight inches 
apart, about two inches in breadth, and rising about 
an inch above the surface. In the formation of the 
railway, there have been dug out of the different ex- 
cavations, upwards of three millions of cubic yards of 
stone, clay, and soil. 

THE STEAM-ENGINE. 

fVhy- is heat so importarU in the production ofmechanr- 
ical agents f 

Because bodies, whether liquid, solid, or feriform, 
exert a certain degree of mechanical force, in the pro- 
cess of enlarging ^eir dimensions, on receiving an 
accession of heat ; and any obstacle which opposes this 
enlargement, sustains an equivalent pressure. Thi» 
force is frequently used as a mechanical agent, and has- 
this to recommend it, that it may be produced to al- 
most any degree of intensity,, without the expenditure 
of any other mechanical force in its production. 
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It is no^ requisite to enter theoretically into the pro- 
duction of heat, since the subject has akesdj been 
popularly illustrated in the present work.^ 

fFhy is iht steam-engine much more wieUtgiMe than 
Us nam^ first suggests ? 

Because it is m &ct only a pump, in which the fluid 
is made to impel the piston, instead of being impelled 
by it, that is to say, in which the fluid acts as the 
power^ instead of being the resistance. It may be de- 
scribe simply as a strong barrel or cylinder, with a 
closely filled piston in it, which is driven up and down 
by steam, admitted alternately above and below from a 
suitable boiler ; while the end of the piston-rod, at 
which the whole force may be considered as concen- 
trated, is connected in any convenient way with the 
work that is to be performed. The power of the engine 
is of course proportioned to the size or area of the pis- 
ton, on which the steam acts with a force, according to 
the density, of fi-om 15 to 100 or more pounds to each 
square inch. In some of the Cornish mines, there are 
cylinders and pistons of more than 90 inches in dia- 
meter, on which the pressure of the steam equals the 
efforts of 600 horse):;. — Jhmott, 

The steams-engines in England represent the power 
of 320,000 horses, equal to 1,920,000 men, and being, 
in fact, managed by only 36,000 men, add conse- 
quently to the power of our population, 1,884,000 meu. 

The cost of a steam-engine varies according to its 
power. The smaller cost nearly l002., for each horse 
power, the largest not quite 40Oi. The consumption 
of coal is rated at one bushel, or 84 pounds per hour, 
for an engine of ten-horse power ; the quantity is some- 
what less in proportion in engines of great power. 

Why is there a large vibrating beam in the steam-en- 
gine 9 

Because, one end being connected with the piston- 

*■ . . ■ i I — — — ■ 

* gee Part V., Chemibtrv.— Heat, p. 21 to 35. 
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rod, is puBed dowD, while the power of the engine 'ia 
apptied at the other end to any mechanical purpose. 
Thus, when connected with immense water-pmnps, it 
causes almost a river of water to gush out from the 
bowels of the earth. 

ffhy an the improved pad^^wkeeU of sUam-hoats 
madt to enter the water sideu>ays ? 

Because they ^ve the propelling stroke direct, 
whereas the oidinary wheels press the broad face of 
their paddles on the surface of the water, and thus 
increase the resistance. 

fVhf are steam-engines of such important use in 
mining ? 

Because they speedily raise the water which breaks 
in on the miners. 

The practical adaptation of the steam-engine to me- 
chanical purposes, is considered by Mr. Davies Gilbert 
as due to Mr. Newcomen, whose inquiries were in- 
troduced into Cornwall very early in the last century, 
and soon superseded the rude machinery which had, 
till then, been employed for raising water from mines, 
by the labour of men and horses. 

The various applications of steam-power would oc- 
cupy many pages : if we except its adaptation to the 
motion of carriages, perhaps few of its effects are more 
astounding than in the manufacture of iron. Thus, 
there are mctories where this resistless power is seen, 
with its mechanic claws, seizing masses of iron, and 
in a few minutes delivering them out again pressed 
into thin sheets, or cut into bars and ribands, as if the 
iron had become soft, like clay in the hands of the 
potter* 

The annual product of the foundries of Messrs. 
Crawshay and Co. in Glamorganshire, is 11,000 tons 
weight of pig-iron, and 12,000 tons of iron in bars. 
A steam-engine^f the power of 50 horses, and a water- 
wheel of 50 feet diameter, work the cylindrical blow- 
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iBg-machines, which are indispensably necessary in 
the use of coke, and the other machinery of the works. 
This enormous water-wheel is kept in motion by the 
pressure of 25 tons of water per minute. The es- 
tablishment employs from 1,500 to 2,000 workmen, 
forming, with their families, a population of 4,000 per- 
sons. The sum total of their wages amounts annually 
to from 70,000/. to 80,000/. 

Such has been the proeressive improvement in the 
steam-engine, that in 1829, the best engine in Corn- 
wall did tjen times the work of any engine in 1778 ; or 
each bushel of coals raised 20,000 gallons of water. 

M. Dupin estimates the steam-engines of France 
equivalent to the power of 480,000 workmen turning 
a winch ; and it is calculated by the same writer, that 
Great Britain possesses, in steam-engines alone, a 
moving power equivalent to that of 6,400,000 men 
employed at the windlass. 

Why do high pressure differ from Unv pressure en- 
gines ? 

Because, in high pressure engines the steam is not 
condensed ; but after having acted on the piston, is 
allowed to blow off into the air; whereas, in low 
pressure engines it passes into a separate vessel, where 
it is condensed ; on which account, and for other rea- 
sons, low pressure engines do not suit a rail-road. 
High pressure engines occupy less room, r^uire less 
l^ei than low pressure engines, and their power can 
be increased on emergencies, by merely increasing the 
fire ; but the risk of damage from explosion m con- 
siderable. Their principal purpose is to save water, 
but this is always abundant in navigation. 

The principle of high pressure steam-engines de- 

§ends on the power of steam to expand itself, 5, 10, 20, 
0, 40, &c. times beyond its original bulk, by the 
addition of a given portion of heat, which is effected 
by increasing the pressure. 

e3 
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Vmdtr mean pnarare, at the temperature of 
212^. (the boUmg point) the bulk of steam is 1,800 
times that of water ; or, as a ready rule for calcula- 
tion, a cubic inch of water produces about a cubic 
foot of steam. The latent heat of steam is about 960^. 

miyuBraum'sPn€um4akEfiginea0pecie$ofH^ 

because its principle is a very sudden expansion 
and condensation, not of the gases used in the opera- 
tion, but of the small quantity of water formed by the 
combustion of the hydrogen, with the oxygen of the 
atmospheric air, admitted into the cylinder at every 
stroke of the engine. The difierence between this and 
a steam engine is, that the elastic and condensable 
£uid is generated at a higher temperature from mate- 
rials admitted into the cylinder itself. The extent of 
the vacuum produced must depend on the tempera- 
ture at which the combustion takes place. — Mdes in 
Scienct. 

Why is f^ explosive engine so called f 

Because it is set in motion by the explosioa of oil 
gas and atmospheric air, the mechanical force of the 
explosion being employed to drive the machinery. 
Percussion powder, and other sidMstances that explode ' 
by contact, may eventually be employed for the same 
purpose. 

RECENT INVENTIONS AND IMPROVEMENtS. 

Why is the printing-press invented by Lord Stanhope 
so superior to the wooden press, or that previously in use ? 

Because the Stanhope press is composed entirely of 
iron ; the table on which the types rest, and the plat- 
ten (or surface which gives the impression) are made 
perfectly level ; a beautiful combination of levers is 
added, to eive motion to ihe screw, causing the platten 
to descend with increasing rapidity, and consequendy 
with increasing force, till it reaches the type, when a 
very great power is obtained. There have been, per- 
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hi^ twenty contrivances for obtainiiig tli« stf me eflfect ; 
but, asaprus, Lord Stanhope's invention has not been 
nirpassed. Still, it is only a press, and in point af 
expedUion has little superiority over its wooden rival, 
producing S50 impressions per hour. - 

It is a remarkable fact, that from the invention of 
printing to the year 1798,* a period of necurly three 
hundred years, no improvement had been introduced 
into this important art.* 

A mere outline of the improvements from this period 
would occupy many pages.- The great triumph in the 
art has, however, bieen the substitution of eylindrieal 
maclnnery for the screw*press. The svggestum of this 
improvement belongs to Mr. W. Nicholson, but the two 
first working machines were erected by Mr. Koenig, 
for printing the Times newspaper, the reader of which 
was told, on Nov. 28, 1814, that he held in his hand 
a, newspaper printed by machinery, and by the power 
of fiteam! 

In these machiaes the type was made to pass under 
the eylisder, on which- was wrapped the sheet of paper, 
the paper being firmly held to the cylinder by means 
of tapes ; the ink was placed in a cylindrical box^ from 
Which it was forced by means of a powerful screw de- 
pressing a tightly-fitted pisi ^v y thence it fell between 
two iron rollers ; below these wi»re placed a number of 
other rollers, two of which had, in addition to their 
rotatory motion, an end motion, t. e. « motion in the 
direction of their length ; the whole system of roUenf 
terminated in two, which applied the ink to the t3rpe8. 
In order to obtain a great number of im{»«8sions from 



* Mr. Buckingham saw in a convent on the mountains of Lebanon, 
a printmg-press and Syriac types, from which the monks produce their 
church-books, quite equal to thbse at Rome. Tiie press nearly resem* 
bled in shape toe common printing-press used m England. It is 
there considered a mystery, as " they had never yet had an European 
here, who had ever seen the mechanical operation of printing in Eu- 
rope." Other monks in the same convent were employed in Weav- 
fng, masonry, carpentiy, &c. ^ 
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the eaine form, a paper cylinder (t. e. the cylinder on' 
which the paper is wrapped) was placed on each side 
the inluDg apparatus, the form passing under bo^ 
This machine produced 1,100 impressions per hour; 
subsequentimprovements raised them to 1,800 per hour. 

The next machine, also by Mr. Koenig, was for 
printing both sides of the sheet, by conveying the sheet 
firom one paper cylinder to the other. This was madb 
in 1815, and printed 750 sheets on both sides per hour. 
In the same year Mr. Cowper obtained a patent for 
curving stereotype plates, for fixing them on a cylin- 
der. Several of these machines, capable of pnnting 
1,000 sheets per hour on both sides, are at work at the 
present day ; and twelve machines on this principle 
were made for the Bank of England, a short time pre- 
vious to the recent issue of gold. These machines, 
though only adapted for stereotype printing, first show- 
ed the best method of furnishing, distributing, and ap* 
plying the ink by rollers. 

Messrs. Applegath and Cowper have, however, by 
their conjoint ingenuity, superseded Mr. Koenig's in- 
ventions, and constructed upwards of 60 machines, mo- 
dified in twenty-five different ways, for printing books, 
bank-notes, newspapers, &c.: their greatest success 
has been in printing newspapers. In the Times 
machine, which was planned by Mr. Applegath, the 
form passes under four printing cylinders, which are 
fed with sheets of paper Tjy four lads, and after the 
sheets are printed, they pass into the hands of foiir 
other lads ; by this contrivance 4,000 sheets per hour 
are printed on one side. 

The comparative produce of the above machines is 
as follows : — 

Stanhope press _ . - <250 impressionn per hour. 

Koenig's machine - - - 1,800 1.«. 900 on both sides 

Cowper»s (stereotype) - - 2,400 t. e. 1,200 ditto. 

Applegath and Cowper's (l»ook) 2,000 1. e. 1,000 ditto. 

pHtQ (newspaper) Chronicle - 2,000 

Herald - 2,400 

Times - 4,000— 66 per miaute 
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We hare prmcipally abridged these facts and data 
from a viduaole paper communicated fay Mr. Cowper, 
one of the inyentore, to the Royal Institution, and sub- 
sequently to the Quarterly Journal of Sctencej in the 
year 1828. 

The machine for printing the Mas newspaper, (each 
copy of which, in some cases, has contained 40 feet of 
printed superficies) consists of two larger and two lesser 
cyUnders, put La motion by a steam-engine of 4-hor8e 
power, managed hj three boys, whose only task is to 
present the end of the ^ormous blank sheet to the 
first cylinder, and to receive it, in a few seconds, printed 
on both* sides, as it is diseharged by the last cylinder. 

^^^^.nackinespro^ paper of in^lelk^ 

fiecause in them the palp is dehTered fix>m the 
trough to an endless web of wire, passing orer cylin- 
ders, which are turned by steam, or any other prime 
mover. From the wire web it passes b^ween two roll- 
ers to an endless web of fek, which passes over other 
cylinders, and between two other heavy rollers, for the 
expression of the water; the paper is thence wound 
upon a reel, and when a sufficient quantity is received 
on it, the paper is cut off, and removed to the drying- 
house. At White Hall Mill, in Derbyshire, a sheet of 
paper was lately manu&ctured which measured 13,800 
feet in length, 4 feet in width, and would cover an acre 
and a half of ground. 

fFhf does beatmer hooks vnih a hmnmer cause the 
printing to *^setoJ^ on the opposite page? 

Because the blows suddenly compress the air be- 
tween the leaves^ and create heat which disturbs the 
ink. 

Why has pressing been advantageously svbsiituted fot 
(his beating $ 

Because it renders the books extremely compact 
and sotid, by passing the sheets, when folded, between 
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a pair of powerful rollers, by which much time is saved, 
the paper is made smoother, and the compresedon, 
though greater, does not disturb the ink. A rolled 
book wiU thus be reduced to about five-sixths of the 
thickness of the same book, if beaten : a shelf, there* 
fore, that will hold fifty books beaten in the usual 
manner, will hold nearly sixty of such, if rolled. — 
Trcms, SocMs, 

Why are knives sharpened hy bemg drawn between two 
horviOfUai rollers, as in ^th£ patent knife-sharpener f^ 

Because the rollers revolve freely upon tneir axis ; 
and at uniform distances are fixed narrow cylinders, 
or rings of steel, the edges of which are finely cut 
with file teeth, forming thereby circular files ; the edges 
of these files overlap or intersect each other a little, so 
that when a knife is drawn between them; it operates 
on both sides of the edge at once ; and as the rollers 
turn round at the sUghtest impulse, the peripheries of 
the circular files get uniformly worn, and consequendy 
will last a long time. 

Why does the transparent died of St. Gileses chwreh, 
London, light itself toith gas as soon as the sun sets at 
night, and put out the light when the sun nses in the 
morning^ 

Because a wheel is connected with the clock, which 
makes but one revolution in twenty-four hours ; and 
on this is placed a series of pins, which, by their revo- 
lution with the wheel, tend to raise a lever connected 
both with a gas^ock and a movable screen. The 
gas which illmninates the dial is burning at all times, 
but the consumption during the day is comparatively 
small, as the lever opens and shuts the aperture by the 
motion of the large wheel; so that a person in the im* 
mediate neighbourhood of the clock would see little 
more than a faint indication of flame during the day 
%ht ; but at evening the lever opens the aperture to 
its full size, and. lets forth a brilliant flame. The 
movable screen completely cuts oflTany portion of light 
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which miffht otherwise pass from the partially closed 
burner.— Jifr. C. F. Pcaimigtmiyin the Mas Newspaper. 

Why art the faces of manxf new pvbUc docks made of 
stone instead of metal ^ 

Because stone being an absorbent, and not so good 
a conductor of heat as metal, the paint adheres tetter 
and lasts longer, and does not require to be renewed 
so often as on the copper dial. Another advantage of 
the stone dial is, that the centre can be sunk, and the 
hour hand made to traverse in the anking. This en- 
ables the minute-hand to be close to the figures, and 
then almost all error from the effect of parallax is 
avoided, which in the copper dial is very considerable; 
especially when the minute-hand points at or near 15 
and 45 minutes, and the hands are both above the 
dial. In the stone dials of Chelsea new church, and 
the Royal Mewls, Pimlico, the figures are cut in the 
stone, and sunk about the eighth of an inch, after the 
manner of the Egyptian monuments, from which was 
derived the idea. By this method, supposing the dial 
accurately divided, and the figures wcU shaped in the 
first instance, they will always remain so. — Mec. Mag, 

The originator oft]usimi»t>vementisMr.yulliamy, 
the eminent horologist * 

Why is tkt Diorama so called f 

Because of its origin fi^m the Greek, signifying two 
views, of which this exhibition consists. These pic- 
tures are painted in solid, and in transparency, arran- 
ged and lighted in a peculiar manner, so as to exhibit 
changes of fight and shade, and a variety of natural 
phenomena. The means by which these changes are 
effected, may be explained as follows: — ^The contri- 
vance is partly optical, partly mechanical ; and con- 
sists in placing the pictures within a building so con- 
structed, that tne saloon containing the spectators may 
revolve at intervals, for the purpose of bringing in 
succession two distinct pictures into the field of view, 
without the necessity of^ the spectators removing from 
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their seats ; while the scenery itself remainB atatkniiry, 
and the pictures therefore admit of an improyed meth 
od of distributing lieht, W which they are illuminated, 
so as to produce the effects of a variable picture. 
This is performed by means of a number of trans- 
parent and movable blinds, some of which are {diaoed 
behind the picture for the purpose of intercepting 
and changing the colour of the rays of light, which 
are permitted to pass through the semi-tranfiqparent 
parts of the picture. Similar blinds are also situated 
above and in front of the pictures, so aa to be mova- 
ble by the aid of cords, and by that means to distribute 
or direct the rays of light which are permitted to &11 
upon the front of the scene. 

The extent of revolving motion given to the saloon, 
is an arc of about 73*^ ; and during the time that the 
audience is thus passing round, no person is permitted 
to go in or out. The revolution of the saloon is effec- 
ted by means of a sector, or portion of a wheel, havins 
teeth formed upon its edge ; these work in a series of 
wheels and pinions, so that one man. placed at a winch 
is enabled to give motion to the whole. 

The space between the saloon and each of the two 
pictures is occupied on either side by a partition, form- 
mg a kind of avenue, proportioned in width to the 
sice of the picture ; without such a precaution, the 
eye of the spectator being thirty or forty feet distant 
from the canvass, would, by any thing intervening, be 
estranged from the object The views are eighty-ax 
feet in length and forty-five feet in heighL— ^tfcw. 
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ARTS AND MANUFACTURES. 



IirT&ODUCTORT. 

Why have commerce and the arte 4in mdxrtd tisfSu- 
efiC0 tifKm industnff 

Because it signi^es nothing as to the main purposes 
of trade, how superfluous the articles which it fumiBhes 
are ; — ^whether the want of them be real or imaginary : 
— ^whether it be founded in nature or in opinion, in 
fiishion, habit, or emulation; — ^it is enough that they 
be actually desired and sought after. Flourishing 
cities are raised and supported by trading in tobacco ; 
populous towns subsist by the manufiictory of ribands. 
A watch may be a very unnecessary appendage to the 
dress of a peasant, yet if the peasant will till the ground 
in order to obtain the watcfa^ the true design of trade 
is answered ; and the watchmaker, while he polishes 
the case, or files tlie wheel of his machine, is con- 
tributing to the production of cpm as effectually, 
tibough not so directly, as if he handled the spade or 
held the plouffh. Tobacco is an acknowledged super- 
fluity, and afl&rds a remarkable instance of 3ie caprice 
of human appetite ; yet, if the fisherman will ply his 
net, or the mariner fetch' rice from other countries, in 
order to procure to himself this indulgence, the m^ket 
is supplied with two important articles of provision, 
by the instrumentality of a merchandise which has no 
other apparent use than the gratification of a vitiated 
palate.* — PctUy, 

* We should here remark however, that where false refinement, 
or -a corrupted taste, engages that time and ingenuity of the laborer or 
the artist, which might otherwise have produced articles that con- 
tribute to rational enjoyment, it i^ an evident misapplication of radus> 
ry. 

b2 
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fFhf doea commerce at the aame time stmhf an end- 
lea varietv of new productiona, and mvUijpty cmd cheap- 
en thoee mat are peculiar to every country^ 

Because it enaples each separate peopfe to ^ihploy 
themselves in preference in those departments in which 
they enjov some natural or acquired advantage, while 
it opens the markets of the world to their productions. 
When the demand for a commodity is confined to a 
particular country, as soon as it is supplied, improve- 
ment is at a stand The subdivision and combination 
of employments are, in fact, atways dependent upon, 
and regulated by, the extent of the inarket Dr. Smith 
has shown, that by making a proper distribution of 
labour amoag ten workmen, m a pin manufactory, 
48,000 pins might be produced in a day; and since 
his time the number has been nearly doubled. 

Before pins were manufiictured in England, £60,000 
annually is said to have been paid for them to for- 
eigners in the early years of Queen EIi2abeth ; but, 
long before the end of her reign, they were maniifac- 
tiured in this country in great quantities. 

The subdivision of the mechanism of a watch into 
150 branches has already been cursorilv mentioned.* 
The fifteen principal branches are : 1. The movement 
maker, who divides it into various branches ; viz. pillar- 
maker, stop stud-maker, frame-mounter, screw-maker^ 
cock and potence-mak^, verge-maker, pinion-maker, 
balanee-wbeel-maker, wheel-cutter, fusee-maker, and 
other small branches., 2. Dial-maker; who employs 
a copper-maker, an enameller, painter, &c. 3. Case- 
maker; who makes the case to the frame, employs 
box-maker, outside case^niaker, and joint-finisbers. 
4. Pendant-maker ; (both case and pendant are sent 
to the Goldsmiths' Hall to be marked.) 5. Secret-* 
roringer and spring-liner ; the taring and liner are 
cuvided into other branches ; viz. the spring-maker, 

* S«e DoHSiTio BeiKNoi page 71. 
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button-maker, &c. 6. Cap-mtiker, who employs 
the springer, &c. 7. Jeweller, which comprises the 
diamond-cutting, setting, making ruby-holes, &.c. 
8. Motion-maker, and other branches, viz. slide-maker, 
edge-maker, and bolt-maker. 9. Spring-maker, (i. e. 
main-spring) .consisting of wire-drawer, &c. ham- 
merer, pousher, and temperer. 10. Chain-maker; 
ihis comprises several bnmches, wire-drawer, link- 
maker and rivetter, hook-maker, &c. 11. Engraver ; 
who also employs a piercer and name-cutter. 12. Fi- 
nisher, who employs a wheel and fusee-cutter, and 
ether workers in smaUer branches. 13. (xilder is di- 
vided into two, viz. gilder and brasher. 14. Glass 
and hands; die glass employs two, viz. blower and 
maker : hand-maker employs die-sinker, finisher, &c. 
15. Fitter-in, who overlooks the whole, fits hands on, 
&c. The above fifteen branches are subdivided again 
and again. 

The manufacture of watch-brings also affords an 
instance of an article raised in price from one half' 
penny to the amount of 35,000 guineas. Thus,, a 
pound of crude iron costs one haO^nny ; it is con- 
verted into steel, that steel into watch-springs, every 
one of which is sold fi)r half-a-guinea, and weighs 
only one-tenth of a grain. After deducting for waste, 
there are, in a pound weight, 7,000 grains ; it there- 
fore affords steel for 70,000 watch-s{»nngs, the value of 
which, at half-a-guinea each, is 35,000 guineas. 

Why may our coUon mamj^actwe he considered en- 
tirely the rtmU of commerced 

Because, had cotton-wool been a native production, 
we could never have made such astonishing advances 
in the manufacture had we been denied access to 
foreign markets. Notwithstanding the splendid dis- 
coveries in the machinery, and the perfection to which 
every department of tlie trade has been brought, the 
vast extent of the market has prevented its being 
glutted ; and has stimulated our manufacturers in their 

B 3 
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unprovements. Our cottoii»i&]lls hare been comtracl* 
edy not that they might supply the limited demand of 
Great Britain, but tluit they might supply the demand 
of the whole world. The suMiyiaton of labour, and 
the scope p;iven to the employment of machinery, by 
the unlimited extent of the market, has reduced the 
price of cottons to less, probably, than/a fourth part of 
what it would hare been, had they met with no outlet 
in foreign countries.* The hardware, woollen, leather, 
and other manuftctures, exhibit similar results. 

Why i» steam said to add to the power of our popu- 



Because the steam-engines in England represent 
the power of 390,000 horsesi equal to 1^,000 men ; 
and being in fact managed by only 96,000 men, they 
consequently add to the power of our population 
1,884;000 men. 

Bteara navigation, a powerful aid to our commercial 
prosperity, has been thus eloquently illustrated by one 
of the most accomplished orators of our times. Steam- 
boats — ^ these new and wonderful machines walk the 
water, like a giant rejoicing in his course ; stemming 
alike the tempest and the tide; accelerating inter- 
course; shortening distances; creating, as it were, 
unexpected neighbourhoods, and new combinations of 
social and commercial relations ; and giving to the 
fickleness of winds and the faithlessness of waves, the 
certainty and steadiness of a highway upon the hmd.** 
— Canning '« Speeches at lAverpooL 

According to M. Dupin, the human force of Great 
Britain employed in commerce and manu&ctures, is 

* The price of oalico 55 yean since )uui been found Uius registered 
in a bible, in ttaepoflsession of a family near Blackburn : — ** 15 Bep< 
tember, 1776. Thomas Dizbuiy, ofRishtnn, near Blackburn, sold to 
Messra Peels, Yates, and Co. Church Bank, two common, fine calico 
pieces for 52. 9«. 8d, These were the first calico pieces ever manuft^ 
tured in this kingdom." Pieces of the same description are now so 
for 5». 6d. or t$. each. — Mechanics Magazine. 
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equiTdent to .4;964,000,d93 effective men; to this 
power thefe must also be added the power of 260^000 
animals, employed in divers works of industry. These 
will raise the animate force of England and Scotland 
to 6,014,893 ; to which there must be superadded the 
approximating value of 1,260,604 effectiye men for 
Ireland: so that the commercial and manufacturing 
animate power of the United Kingdom must be com- 
puted at 7,275,497 labouring men. To this must be 
added th^ force supplied by water, wind, and steam : 
thus: — 

Animate Force - - - - -. 7,275,497 ■ 
Mills and Hydraulic Engines - - 1,300,000 

Windmills 340,000 

Wind and Navigation .... 13,000,000 
Steam Engine^ ..... 6,400,000 

Total Force - - - - 37,115,497 
Ireland 1,003,667 

Total - - - - 38,118,164 

in comparison with France, M. Dupin estimates 
these numbers as follows: — ^The total of the inani- 
mate force applied to the arts, of all descriptions, in 
France, scarcely exceeds the fourth of the same power 
applied to the same purposes in Great Britain ; and 
the whole animate and inanimate power of Great 
Britain, applied to manufactures and commerce, is 
nearly triple the amount of that so applied in France. 

JVhv is foreign trade so hen^cial to each party en- 
gaged in it ? 

Because each enjoys the peculiar advantages of the 
respective countries. Thus, when we send cloth or 
hardware to Portugal for wine, or to Brazil for sugar, 
we give wlmt is as valuable as that which we receive ; 
and yet both parties gain largely by the transaction ; 
for we get the wine and sugar for what it took to 
produce them in countries that are peculiarly fitted 
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for their growth ; and the foreigners are aupplied widi 
cloth and hardware for what those productions cost in 
a country where manufacturing ii^ustry has been car- 
ried to the highest pitch of improrement 

M. Say, in his EconomU Poliiique Pratiqwj thus 
forcibly illustrates the effects of prohibition in trade. 
During the reign of Napoleon, vessels were despatched 
from London, freighted with sugar, coffee, tobacco, 
cotton-twist, for Sidonica, (Macedonia) whence these 
articles of merchandise were carried by beasts of bur- 
den, by the way of Servia and Hungary, to Gennanj 
and France; so that an article consumed at Calaisi, 
would come from England, only twenty miles distant, 
by a route which, in point of expense, would be equi- 
valent to a voyage twice round the globe. 

Again, the history of our own times affords many 
striking instances of the prohibitory effects of war upon 
national industry. In France, the ravages made by 
the wars of the revolution and of the empire upon her 
population and wealth, have been estimated, according 
to M. Dupin, at two millions of men, and 600 millions 
of English money. Every succeeding year of peace^ 
from 1815 to 18^0, has, however, heeded these severe 
wounds ; private losses have been indemnified ; houses 
and factories have been rebuilt ; the cattle and live 
stock become more numerous than before the war, and 
the population increased, in thirteen years, by two 
millions and a half of inhabitants. As an example of 
the beneficial effects upon manufacturing industry ; it 
is only since the reestablishment of their intercourse 
with England, that the French have begun to use pit- 
coal in their furnaces, and to substitute Sie instrument 
called a flattener, or Uminoir^ for the hammer, in 
beating iron into plates. 

Why care certain natural advantages in a country pre- 
judicial to its progress in the arts f 

Because, provided the mildness of the climate ren 
ders clothing and lodging of little importance, and tU^ 
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earth spontaneously pours forth an ahundent su^y 
of fruits, the inhabitants are immersed in sloth^ and 
0eem to place their highest enjoyment in beinf free 
from occupation. Sir William Temple, Mr. Hume, 
and some other sagacious inquirers into the progress 
of society, have been struck with this circumstance, 
and have justly remarked that those nations that have 
laboured under the greatest natural disadvantages,- 
have made the most rapid advances in industry. A 
striking illustrotipn of the above &ct follows. 

fFhy has the imvrovetnent of iht naiwes of South 
America been so taray ? 

Because of the extraordinary abundatice of animal 
ibod, and the equal fertility of the country, where the 
finest fruits grow spontaneously, and only require to 
be gathered. Thus, the South Americans are neither 
a pastoral nor an agricultural people ; and, surrounded 
by partial civilisation, they remain without any ex- 
. citement to labour, which alone could unprove their 
moral and physical condition. Humboldt has thus 
beautifully described the state of primitive rudeness 
in which many of the tribes of South America remain : 
" When we attentively examine this wild part of Ame- 
rica, we appear to be carried back to the first ages, 
when the earth was peopled step by step ; we seem to 
assist at the birth of human societies. In the Old 
World we behold the pastoral life prepare a people of 
huntsmen for the agricultural life. In the New World 
we look in vain for these progressive developements of 
civilisation — ^these moments of repose — ^these resting- 
places in the life of a people. The luxury of vege- 
tation embarrasses the Indian in the chase. As the 
rivers are like arms of the sea, the depth of the water, 
for many months, prevents their fishing. Those species 
of nmiinatinff animals, which constitute the riches of 
the people of the Old World, are wanting in tlie New. 
The bison and the musk-ox have not yet been reduced 
to the domestic state ; the enormous multiplication of 
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the lanui and tbe goanaoo have not produced in the 
natiyes habita of pastoral life." 

ffhy has ihe com of a kingdom been compart d to Ae 
kigkways ihroutrh ii $ 

^cause neimer of them produce any thinf ; on the 
contrary, they are both to be kept in repair ata certain 
expense; but they greatly facilitete the ccmvevanoe 
from one place to another, of whatever the land pro- 
duces by agriculture, or what active capital produces 
by manu&ctures and conmierce. Such is the idea of 
I>r. Adam £hnlth, iwiio also compares papeivmoney to 
a wagon-way through the air. 

Why are we indebted to the ignoranet and had govern- 
ment ofowr cmcestorsfor our present comparaiwe faei' 
lityqf procuring suhnitenee f 

JBecause, had it been otherwise, the.p<^ulation that 
would have accumulated since the reisn of William 
the Conqueror, must have overflowed, like the swarm- 
ing of the northern hives during the &11 of the Roman 
empir^. An entertaining writer says : ** If all the Turks 
ana Egyptians that are to die next year of the pla^e, 
were to be devoured during the present by crocodiles, 
a certain quantity of food would oe gained, and things 
go on just as before. The Roman empire, and the 
world generally, would have been equally populous 
and prosperous, if the Huns and Ostrogoths had eaten 
each other, instead of strewing their bones and those 
of their antagonists through me wilds of Dacia and 
along the banks of the Danube." 

Why is it an error to consider Apctthecarkal* prt^Ua 
uncommonly eostravagani^ 

Because this great apparent profit is frequently no 
more than the wages of labour. The skill of an apo- 
thecary is a much nicer and more delicate matter than 
that of any artificer whatever ; and the trust which is 
reposed in him, is of much greater importance. He is 
the physician of the poor in all cases, and of the rich. 
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where liie distress or danger is not very great His 
reward, therefbre, ought to be suitable to Ms skill and 
his trust, and it arises generally from the price at which 
he sells his drugs. But the whole drugs which the 
best employed apothecary in a large market-town will 
sell in a year, may not, perhaps, cost him above thirty 
or forty pounds. Hiou^ he should sell them, there- 
fore, for three or four hundred, or at a thousand per 
cent profit, this may fi:«quently be no more than the 
reasonable wages of his labour, charged, in the only 
way in which he can charge them, upon the price of 
his drags : the ^p'eater part of the apparent profit is 
real wages disguised in the garb of profit — Dr, Mam 
SmUh^a JfeaUh of MUions, 

WEIGHTS AND HEASURES. 

Why do wt uBe the grain weight ? 

Because all weights and measures in England were 
originally derived from a grain oftoJieat: vide statutes 
61 Hen. lU. 31 Ed. I. 12 Hen. VII. which enacted 
^at 32 of them, well dried and gathered fi*om the 
middle of the ear, were to make one penny- weight ; 
but it was subsequently thought better to divide the 
dwt into twenty-four equal parts, called grains. All 
measures of capacity, both liquid and dry^ were at first 
taken from troy- weight ; and laws were passed in the 
reign of Henry III. enacting that 81b. troy of wheat 
taken fix)m the middle of the ear, and well dried, 
should make one gallon of wine measure. Weights 
and naeasures were invented 869, B. C. ; fixed to a 
standard in England, 1257; regulated, 1492; equal- 
ized, 1826. 

ffhy has the pendulum been resorted to in regutating 
modem weights mid measures ? 

Because it has enabled lis practically to carry into 
efilect the idea of seeking for a unit of measure in some 
unchangeable natural object ; the great law of the pen- 
dulum being, that its oscillations are always performed 
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in the same time. The fltandards that hare been 
umiaUy proposed for the ahove puipoee, have beoa 
some aliauot part of the qoadrant of the meridiaii, or 
the lengtn of a peodalum vibratLog aeconds in some 
^ven latitude. The latter has been in ao far adopted 
into the existing tfjrstem of weights and measures, 
established by the Act of Pariiament <^ 18S4, that the 
lengdi of the standaid yard, as compared with that of 
a pendulum vibrating seconds in the latitude of Lon* 
don, is determined to be in theproporti<m of 96 inches 
to 39 ^ inches. 

The pendulum, as a time-keeper, has been men- 
tioned in another portion of the present work.* 

fFhy are the foot, }f€trd, l^c. used as metuttres ? 

Because the earliest standards seem to have been for 
the most part derived from portions of the human body : 
as the cubit, or the length of the arm from the elbow 
to the tip of the midme finger ; the foot ; the ulna, 
arm, or yard ; the span ; the digit, or finger ; the fa- 
thom, or space from the extremity of the one hand to 
the extremity of the other, when they are both extended 
in opposite directions ; the pace, &c. These were not, 
however, Jixed standards, as the size of the different 

garts of the human body differ in different individuals : 
ence it became necessary to select some durable arti- 
cle, a metallic rod, for example, of the length of an 
average foot, cubit, &c. and to make it the standard 
with which all the other feet, cubits, &€. used in men- 
suration, should correspond. These standards have 
been preserved with the greatest care ; at Rome they 
were kept in the temple of Jupiter ; and among the 
Jews, their custody was entrusted to the family of 
Aaron. 

This standard has been maintained without any sen 
mble variation. In 1742, the Royal Society had a yard 
made, from a very careful comparison of the standard 

* See MB«HAivn;i, p. 14-15. 

'0 
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ellfB or yards of the reigns of HeDir VII. and Elizabeth, 
kept at the Exchequer. In 1758, an exact copy was 
made of the Koyal Society's yard ; and this copy hay- 
ing been exammed by a Comnoittee of the House of 
Commons, and reported by them to be equal to ih% 
standard yard, It was marked as such: mis identi- 
cal yard is declared, by the Act 5 Geo. IV. cap. 74, to 
be the standard of lineal measure in Great Britain. 

Without entering into standards of an abstract kind, 
we may here observe, that ^^ a real material measure 
must be constructed, and exact copies of it taken. The 
ereat difficulty is, however, to preserve it unaltere<l 
from age to age ; for unless we transmit to posterity the 
units of our measurements^ such as toe have aursdves 
used them, we, in fact, only half bequeath to them our 
observations." Mr. J. F. Herschel thinks tills point 
much neglected, and suggests that <* accurate and per- 
fectly authentic copies of the yard and pound, executed 
m platinum, and hermetically sealed in glass, should be 
deposited deep in the interior of the massive stone- work 
of some great public building, whence they could only 
be rescued with a degree of difficulty sufficient to pre- 
clude their being disturbed, unless on some very high 
and urgent occasion. The &ct should be publicly re- 
corded, and its memory preserved by an inscription. 
Indeed^ how much valuable and useful information of 
the actual existing state of arts and knowledge at any 
period might be transmitted, to posterity in a distinct 
form, if, instead of the absurd and useless deposition 
of a few coins and medals under the foundations of 
buildings, specimens of iagenious implements, or con- 
densed statements of scientific truths, or processes in 
arts and manufactures were substituted.** 

M05ET. 

Why is fht term standard usedf 

Because it may designate the purity and weight of 
coins; that is, the fineness of the metal of which they 
are made, and the quantity of it contained in them. 

PAET. X. c 
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Money was coined in the Temple of Juno Mmddt 
whence our Eni^liah word money, and the monetary of 
political economists. 

A pound troy, or 12 oz. of the metal of which En- 
glish silver coins are made, contains 11 oz. 2 dwts. pure 
silver, and 18 dwts. alloy. This pound is coined into 
66 shillings, so that each shilling contains 80.727 grains 
of fine silver, and 87.27 grains of standard silver; and 
the ffumey pound, consisting of 20 shillings, contains 
1614.545 grains standard olver. From 1600 down 
to 1816, the pound weight of standard silver bullion 
.was coined into 62 shillings. 

The fineness of gold is estimated by carat grains 
eouivalentto 2^ dwts. troy ; gold, of the highest deirree 
or fineness, or pure, being said to be 24 carats fine. 
The purity of our present gold coins is llparts fine 
gold, and 1 part alloy. The sovereign, or 20 shillinir 
piece, contains 113.001 jpiins fine gold, and 123.274 
grains standard gold. The pound troy of standard 
gold is coined into 46 sovereigns and ^ths of a sove- 
reign, or into 4€l. lis. 6d. The mint or standard price 
of gold, is, therefore, said to be 462. lis. 6d, per lb. troy, 
or SI. 178. lOl^d. an ounce. 

fFhy has not the standard been preserved inviolate f 
Because of the necessities of governments, and the 
unfounded notion, so generally (Ufifused, diat coins de- 
rived their value rather fi*om tne coinage than from the 
quantity of metal contahied in them. Coma have 
been less enfeebled in England than in any other 
country; but even here the quantity of silver in a 
pound sterling, is less than the third part of a pound 
weight, the quantity it contained in 1300. 

ffliy is money caUed sterling f 

Because in the time of Richard I., money coined in 
the east part of Germamr, came in special request in 
England, on account of its purity, and was caUed 
Easterllng Money, as all the inhabitants of those parta 
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were called Eisterlings ; and soon after some of these 
people, skilled in coining, were sent for to London, to 
brin^ the coin to perfection, which was soon called 
Sterlingj from Easterling. 

Money, as a medium of commerce, is first mentioned 
in Genesis, chap, xxiii^ when Abraham purchased a 
field as a sepulchre for Sarah, in the year of the world, 
2139 : money was first made at Argos, 894 years B.C. ; 
has increased eighteen times in value fit>m 1290 to 
1530 ; and twelve times in value firom 1530 to 17^. 
Silver has inereased thirty times its value since the 
Norman Conquest : viz. a pound in that age was three 
times the quantity it is at present, and ten times its 
value in purchasing any commodity. 

Why is money cdao caUed coin and eash^ 
Because coin [cuna pecunict,) fi*om the French eoigrif 
i. e. angvliLSy a comer, whence it is supposed that me 
n^ost ancient coin was square. Cash is from the French 
term eaisstj ].e. chest or coffin, for the keeping of mone^. 
The coining-press was introduced into England m 
1562 ; and machinery for coining by Boulton and Watt, 
at Soho, near Birminffham, about the year 1800. The 
coining-press of the Koyal Mint has already been no* 
ticed.* 

Why is there aUoy in coins f 

Because it may save the trouble and expense that 
would be incurred in refLiing the metals to their high- 
est degree of purity ; and because, when its quantity is 
nnall, it renders the coins harder, and less liable to be 
worn or rubbed. 

Why is there a cross and pile side of a e^in ? 

Because Constantine, with religious zeal, nut a cross 
in place of the beast (to be explained) ; ana in the old 
Gaulish lahguage, a ship was called pUe: hence also 
the game of cross and pile, and the word pHoL 

* See MiCRAiripi, p. 37 

c2 
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If%y 18 not (he value of money the same in aU eourir 
truif 

Because the use of coined money does not change 
the principle on which exchanges were conducted pro- 
Tiouslv to its introduction. The coinage saves the trou- 
ble of weighing and assaying gold and sihrer, but it 
does nothing more. It declares the weight and purity 
of metal in a coin ; but the value of that metal or coin 
]8| in all cases, determined by those principles which 
detennine the valuo of other thinn and would foe as 
little afiected by being recoined wiui a new denomina- 
tion, as the burden of a ship by a change of name. 
Money is, indeed, as much a commodity, as bars of 
iron or copper, sacks of wheat, &c 

Jfhy do toe uBe the term a potmdf 

Because, originally, the coins of all countries seem 
to have had the same denomination as the weights 
commonly used in them, and contained the exact 
quantity of the precious metals indicated by their names. 
Thus, the talent was a weight used in the earliest pe- 
riod, by the Greeks ; the as, or pondo, by the Romans ; 
the pound by the English ana Scotch ; and the h'vre, 
fay the French: and the coins originally in use in 
Greece, Italy, and France, bore the same names, and 
weighed precisely a talent, a pondo, a livre, and a 
pound. 

The metal which our ancestors used as their medium 
of exchange, they first divided by pounds, which word 
still remains among us to signify twenty shillings ; thia 
being about the just value that so much copper bore in 
those days. This was called e» in Latin, which, ac- 
cording to Varro, is derived from «», signifying copper. 
They used it first in bullion, unmarked — but to save 
the trouble of weighing this pound, or the lesser parts 
of it, and to give it a readier currency, they stamped 
upon one side the figure of a ship, as an emblem of 
commerce, with the weight and value ; and on the re- 
verse, the picture of one of those beasts which are de- 
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signed by the word Pecua, as being the most prized 
coramodities^ whence money Came to be afterwards 
caHed Ptcunta^ in Latin, — and hence the English word 
pecuniary. 

Why is the guinea so cciUedf 

Because the gold with which it was first coined in 
the reign of Charles II. was broughX fit>m Guinea. 
. For this reason also,^ the guinea originally bore the 
impression of ap elephant 

The term sovereign is not new in our coinage : in 
the time of Edwa^ VI. there were both sovereigns, 
and half-sovereigns, and nobles, as appropriate attend- 
ants on the sovereign. 

Why is ffi€ skUling so cciUedf 

Because of its corruption fi-om the word scyUing, the 
etymology of which would lead us to suppose it to 
have been a certafai quantity of uncoined ralver ; for, 
whether we derive it from sceylan, to divide, or scealcj 
a scale, the idea presented to us by either word is the 
same — ^that is, so much silver cut off, as in China, and 
weighing so much. — Thimer^s Angfo-Saxons. 

Why were groats Jirst coined^ 

Because, in the Saxon time, we had no silver money 
bigger than a penny, nor after the Conquest, till Ed- 
ward III., who, about the year 1351, coined grosses^ 
(groats, or great pieces,) which passed for fourpence ; 
so the matter stood till the reign of Henry VIL, who, 
in 1504, first coined shillings. 

Why is the penrm so called ? 

Because of its oerivation from the Latin pecunia^ 
money. Until the time of Edward I. the penny was 
struck with a cross, so deeply indented in it, that it 
might easily be broken, and parted on occasion, into 
two parts, thence called half-pennies; or into four, 
thence called ybur-Mtngt, or farmings. But that prince 
coined it without indenture, in lieu of which he first 
Struck round halfpence and farthings. 

c3 
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fFhf iMtf <Ae hanking system fatt mbroduced into 
England f 

BBcause, in the turbulent times of the Common- 
wealth, the merchants and tradesmen, who had beibre 
trusted their cash to their servants and apprentices, 
fbund that no longer safe ; neither durst they leave it 
in the Mint, by reason of the distress of majesty itself 
altbouffh this was before a public deposit In the year 
1645, they first placed their cash in the hands of gold- 
smiths, who began to exercise both prSfessions. We 
quote these facts from Pennant, who states the first 
regular banker to have been Mr. Francis Child, gold^ 
smith, who began business soon after the restoration ; 
but Granger mentions Mr. Child as successor to the 
shop of Alderman Backwel, a banker, in the time of 
Charles II., who was ruined hy the shutting up of the 
Exchequer, in 1672: he lived in Fleet-street, near 
Temple Bar, where the banking business, of the Childs 
is conducted to this day. 

About fifty years after the above, in 1720, the credit 
of Bankers was much injured by what has been in our 
times called a panic, or run. Swift turned their tribu- 
lation to humorous account Thus, in some lines of 
the above date :— 

** The multitude's capricloas pranks - 

Are said to represent tlie seas ; 
Which breaking Bankers and the Banks, 

Bemove their own where'er they pleasd. 

♦ ♦ ♦ * * ♦ » 

No money left for squand'rinK heirs! 

Bills turn the lenders into debtors : 
The wish of Nero now is theirs, ' 

That they had never known their letters.*' 

Rymer mentions the draft and chei]ue. The money 
changers of Scripture, the Trapiz^ta of the Greeks, 
and £e Argentarii, or Numniularii of the Romans, all 
illustrate the high antiquity of banking. 

Why is the Bank of England an important adjunct 
of the Government of Great Britain f 

Because it receives the taxes, pays the taxes, pays 
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the interest of the public debt, and conducts the various 
oth^ pecuniary transactions of the exchequer. For 
these services the bank receives a per centage,or com- 
mission, which amounts annually to about 260fl00L 
to. which must be added the profit derived from the 
use of a floating balance due to the public, never less 
in amount than four millions sterling. This balance, 
employed in discounting mercantile bills at the rate 
of four per cent yields a revenue of 160,000/. per 
annum, which being added to the commission of 
260,000/. gives a tot^ of 420,000/. as the profit which 
the proprietors of bank stock dmve every year from the 
connexion subsisting between that establishment and 
the Treasury. — QuarUrhj Revieto, JVb. 86. 

The Bank of England was first established in 1694: 
Its projector was one Paterson, bom in Dumfrieshire, 
and said to have died of grie^ occasioned by the in- 
^[ratitude with which he was treated by the world. 

ffky toere the labours of the alchemists beneficial to 
mankinds 

Because, however great their follies, their researches 
were instrumental in promoting the progress of che- 
mical discovery. Hence, in particular, metaUie phm^ 
macy depved its origin. Mr. Herschel justly obserrvs, 
^ among the alchemists were men of superior minds, 
who reasoned while they worked, and who, not con- 
tent to grope always in the dark, and blunder on their 
object, sought carefully in the observed nature of their 
agents for guides in their pursuits." 

Why is mercury used in amalgams 9 

Because, being habitually fluid, it readily combines 
with most of the metala When these metallic mix; 
tures contain a sufficient quantity of mercury to ren- 
der them soft at a mean temperatiue, they are called 
amalgams. 

A work on metallurgy, and the use of quicksilver in 
refining gold and silver, was written by Alonzo Barba, 



KHOWLKDGB POR THE FBOPLB. 

a clergymui of the chnreh of St Bernard, at Potooy 
in the year 1640, who has bv some writere been sup- 
posed to be the inventor of amalgamation. He dis- 
covered the process by mere acci&nt ; for, being de- 
siroufl of fixmg quicksilver, he mixed it with fine 

Kwdered silver ore, and soon found that the mercury 
d attracted eveiy particle of silver to itseli^ which 
presented him with the idea of refining metals by 
means of quicksilver. This experiment he made in 
the year 1609, but he was probably unacquainted at 
that time with smelting works in America, and does 
not appear desirous of claiming the invention of amal- 
gamation as practised in that country. The book, 
uough publisned at that late period of the art, and 
notwithstanding there were many superior treatises on 
the same subject already published in German, was 
considered of such importance by the Spaniards, as 
containing all their metallurgic secrets, that they en- 
deavoured to suppress it : but a portion of it was trans- 
lated into English in 1674. 

WOiUnx^lv METALS. 

Wky art tht ancient Britons condnded to, have been 
expert in working metals f 

JBecause the art of woridpg in iron and steel had 
risen to such perfection in the tenth century, that even 
the horses of some of the chief knights and 'barons 
were covered with steel and iron armour. Artificers 
who wrought in iron were so highlv regarded in that 
warlike time, that every military omeer had his smith, 
who constantly attended his person to keep his arms 
and armour in order. The chief smith was an ofllcer 
of considerable dignity in the court of the Anglo- 
Saxon and Welsh kings, where he enjoyed many pri- 
vileges, and his wages were much higher than those 
of any other artificer. In the Welsh court, the king's 
smith was next in rank to the domestic chaplain, and 
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ivttfl entitled to a draugfht of every kind of liquor that 
was brought into the hall. 

Why icere beUotcs first inverdedf 

Because they might Imitate the action of the lungs 
and a hollow reed placed in the mouth of the blower, 
tlie latter being the first instrument employed for 
blowing a fire. Our common bellows appear to have 
been known to the ancient Greeks, and Roman humps 
have been found in the form of bellows. 

ffhy ts it to he regretted that we know but IWe of 
&ie ancient construction of heUows ? 

Because more information on this subject would en- 
large the knowledge we possess of the metallurgy of 
the ancients. 

Strabo tells us, on the authority of an old historian, 
that Anacharsis the Scythian philosopher, Invented 
the bellows, the anchor, and the potter's wheel ; but 
this seems doubtful, as Pliny, Seneca, Diogenes, 
Laertius, and Suidas, only attribute the two last to 
him ; and Strabo also remarks, that the potter's wheel 
is mentioned by Homer, who lived prior to the time of 
Anacharsis. It is, therefore, probable that the latter 
became acquainted with the invention on his travels, 
and baving made it known to his countrymen, was 
looked upon as the inventor. — Beckmann, 

tfliy are Jbrge-bellows constructed with three hoards f 
Because they are required to keep up a constant and 
unremitting stream of air through the fuel, to keep it 
in vivid combustion. Thus, the'centre board is fixed, 
and furnished with a valve opening upwards, the 
lower board being movable with a valve also opening 
upwards, and the upper board being under a continued 
pressure by weights acting upon it. When the lower 
l>oard is let down, so. that the chamber between it and 
the middle board is enlarged, the air included between 
these boards being rarefied, the extemd pressure in 
the atmosphere win open tlie valve in the lower boardi 
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and the chamber between the lower and the middltf 
boards viill be filled with air in its common state. 
The lower board is now raised by the power which 
works the bellows, and the air between it and the 
middle board is condensed. It cannot escape through 
the lower valve, because it opens upwards. It acts 
therefore, with a pressure proportional to the working 
power on the valve in the middle board, and it forces 
open this valve, which opens upwards. The air is 
thus driven firom between the lower and middle boards 
into the chamber between the middle and upper 
boards. It cannot return fix>m this chamber, because 
the valve in the middle board opens upwaids. llie 
upper board beinff loaded with weights, it will be con- 
densed while included in this chamber, and will issue 
from the nozzle with a force proportionate to the 
weights. While the air is thus rushing fix>m the 
nozzle, the lower board is let down and again drawn 
up, and a fresh supply of air is brought into the 
chamber between the upper and middle board. This 
air is introduced between the middle and upper board 
before the former supply has been exhausted, and by 
working the bellows, with suffi'''ent speed, a large 
quantity of air will be collected in tne upper chamber, 
so that the weights on the upper board will force a 
continual stream of air through the nozzle. — haard/MT. 

There are usually two blast-holes to conduct the 
stream of air from the bellows to the laboratory of the 
furnace, placed on opposite sides, but so angkd that 
the streams do not impinge on each other. The bel- 
lows are commonly cylindrical, and their pistons are 
worked by a steam-engine. - 

Why art these heUows superior to the house-heUows ? 

Because the latter are constructed only with two 
boards, and have thus only an intermitting action, or 
blow by fits, the action being suspended while the 
upper board is being raised. 

ffhf are German heUows made of wood superior to 

*e %n common use ? 
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Because the effect produced by them is stronger and 
more uniform, and they last longer. Some idea may 
be formed of this contrivance from the following 
sketch. The entire machine is composed of two 
boxes placed over each other, the uppermost of which 
can be moved up and down, in the manner of a lid 
with a hinge ; but the sides of the upper box are suf^ 
ficieutly large to contain the lower between lliem, 
when raised to its greatest extent. Both are fastened 
together at the smallest extremity, where the pipe is 
inserted by a strong iron bolt. Thus, when the boxes 
fit each other with exactness, and the upper is raised 
over the under, which is inmaovable, the space con- 
tained within both will be increased: consequently, 
more air will rush in through the valve in the bottom 
of the lower one ; and when the upper box is again 
pressed down, this air will be expelled forcibly through 
the pipe. The only difficulty is to prevent any portion 
of the air from escaping at any other part of the ma- 
chine than the orifice of the pipe ; and this is obviated 
by tlie sim{^e contrivance of placing movable slips of 
wood at the inner sides of the uppermost box, which, 
by means of metal sprines are pressed to the sides of 
the lower boic, and fill up the intervening space. 
— Becknumn. 

IRON. 

Why i8 (he use of iron believed to have been known 
in the earliest ages $ . 

Because of its frequent mention in the bible : 
thus. Tubal Cain, who lived nearly 4,000 years before 
the commencement of the Christian era, was ^an 
instructer of every artificer in brass and iron." (Gfen. iv. 
22.) and we read that Abraham took a knife to slay 
his son Isaac. (Gen. xxii. 10.) In these early times 
too, mention is made of shears and of shearing of 
flheep. (Gen. xxxvui. 12, 13.) 

ffhy is this knoidedge supposed to have been afin^ 
teards lost 7 
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Because many of the ancieat natioiia used atones, 
fliotB, the horns and bones of various aniniaky the 
bones and shells of fish, reeds and thonis, for every 
purpose in which the moderns now use edge tools of 
iron and steel. 

Chronolo|^ informs us, iron was first discovered by 
the burning of Mount Ida, 1406 B. C. In England 
by the Romans, soon afier the landing of Ceesar : first 
discovered in America, in Virginia, 1/15: first cast in 
England, at Blackstead, Sussex, 1544. 

Ifky was tnm, at one period forbidden to he used by 
the Romans, except in agricuUurt ? 

Because they thought iron poisonous, and that 
wounds made with iron instruments healed with diffi- 
culty. Chemistry has, however, exposed this fallacy. 
Fourcroy says iron is the only metal which is not 
noxious, and whose effects are not to be feared. In- 
deed, its ejSects on the animal economy are evidently 
beneficial 

Why is iron the most ustftd of metals f 
Because it becomes softer by heat, and has the ca- 
pability of being welded to another piece oflron, so as to 
form one entire mass : aud this may be done without 
rivets, solder, or melting either of the pieces. No other 
metal possesses this angular property, except pla- 
tinum. 

An iron wire only one-tenth of an inch in diameter, 
vrill carry 450 pounds without breaking. A wire of 
tempered steel of the same size vrill carry nearly 900 
pounds. — Black. 

Why has the iron trade of Gredt Britain increased so 
extraordinarily since the year 1750 ? 

Because then pit-coalbegan to be generally used for 
extracting cast iron from its ores. In 1740, England 
and Scotland did not possess more than 59 furnaces, 
producing 17,000 tons; whereas in 1827, they had 
mcreased to 284 furnaces, producing 690,000 tons. A 
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writer in a French Journal, therefore, describea pit- 
coal as ^ the prime element of the manufactures and 
the wealth of England." The mean annual amount 
of the exportation of iron and steel from this country, 
in bars and wrought works, is from IftOOfiOOL to 
1,500,000Z. The annual quantity of iron mittu&c- 
tured in Great Britain is 690,000 tons. 

In the great iron works, the ore, broken into small 
pieces, and mixed with lime or some other substance 
to promote its fusion, is thrown into the furnace ; and 
baskets , of charcoal or coke, in due proportion, are 
thrown in alonff with it. A part of the bottom of 
the furnace is filled with fuel only. This being kin- 
dled, the. blast of the great bellows is directed on it, 
and soon raises the whole to a most intense heat: 
this melts the ore immediately above it, and the re- 
duced metal drops down through the fuel and collects 
at the bottom. The rest shiks down to fill up the void 
lefl by the consumed fuel, and this, in its turn, comes 
next in the way of the bellows, and is also reduced. 
More ore and fuel are supplied above, and the opera* 
tion goes on till the melted metal at the bottom, in« 
creasing in quantity, rises almost to the aperture of 
the blast ; it is let out by piercing a hole in the side of 
the furnace, and then forms what aie called pigs of 
cast iron. — Parkes* 

The Butterley iron- works are amongst the most im- 
portant in this country. Here are three furnaces, each 
capable of producing thirty-five tons of pig iron, or 
crude cast iron, per week. The blast furnaces are 
about forty feet high, and about thirteen in the largest 
diameter. When charged, they contain about 3,500 
cubic feet of iron stone, coke, and lime-stone, which 
produce one ton of ipeltingiron. When heated, they 
are kept in a state of intense heat fi>r many months or 
years, without intermission, and are constantly sup- 
plied at the tops with materials.. Blast cylinders, 
worked by a steam-engine of SO-horse power, oontina- 

PART X. D 
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ally urge a ■treom of air into the fumaee. The Tolume 
of air thuB supporting the combustion, may be esti- 
mated by the contents of these cylinders, which are 
aiz feet diameter, with a stroke of eight feet long, re- 
peated thirteen times per minute, and doubled by a 
reciprocity motion, causing a consumption or decom- 
position of 6240 cubic feet of air per minute. In the 
tbunderv attached to these works, were cast the iron- 
work of Vauzhall Bridge ; the columns of the King% 
Theatre in the Haymarket ; many of the works in the 
dock-yard at Sheemess ; the famous roof of the Rum 
Quay at the West India docks; and nearly all the 
pipes of the West Middlesex water-works. Sugar- 
mills for expressing the juice from the cane in the Co- 
lonies, are also manufactured here ; and the proprietors 
have exported upwards of 150 steam-engines to the 
same quarter within the last seven years. Here waa 
made the steam-engine which supplies Calcutta with 
water : the nabob or king of Oude, has had one to 
work a pleasure steam-yacht, and another on a small 
scale to work punkas or large fans, to ventilate and 
cool his apartments. 

At the Cognor Paik works, on the borders Of Derby 
and Notts, the Butterley Company manufacture bar 
iron in all its forms of convenience and utility. Their 
vasmess is thus described : *^ Conceive a space as large 
as Lincoln's Inn Fields, covered with extended fires 
and smoke, with the rumbling of blasting engines, the 
thumping of welding-hammers, and scores of men car- 
rying about masses of iron at a white heat : imagine fur- 
naces of melted iron, with their narrow doors, throughi 
which light flows wiUi sensible momentum, and blinds 
those who dare to look upon the liquid lakes within, 
behold sets of revolving wheels, one of them twenty 
fomr feet in diameter, weighing twenty tons, yet whirl 
ing seventy-two times in^ a minute ; and see the con 
nexion of this balance and regulator: view twenty 
kinds of apparatus, alive, as it were, and with Cyclopa 
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moTin^ amoni; them, and you have before you theie 
vast Derbyshu'e iron- works. To conipre}iend, in a 
sentence, the works carrying on by the Butterley Com- 
pany only, I may observe, that in its iron and coal- 
works it employs twenty-five steam-engines with the 
power of 700 horses, and at this time gives employment 
to ISOO men, as miners, colliers, furnace-men, mould- 
ers, steam-engine fitters, smiths, labourers, &c."* 

ffhy is Sioediah superior to BrUisk iron? 

Because the Swedes smelt with wood instead of 
coke. It is imported into England in great quantities, 
iind is chiefly used for carbonization in steel. 

Why is iron deprived of Us mdUedbUUy by long-con- 
tinujea katmncnng f. 

Because it loses a portion of its latent caloric; Dr. 
Black being of opinion that metals are malleable in 
proportion to the matter of heat which they contain in 
a latent state. 

fVhy is east-iron puddled and roUedf 

Because a principal part of the foreign substances 
fire thus burned away or squeezed out, and malleability 
is conferred upon the metal by rendering it more pure. 

By this curious process of puddling, cast-iron, after 
it has been to a certain extent refined^ by refusion in a 
forge, is, in this country, converted into wrought iron. 
The cast iron is put into a reverberatory furnace, and 
when in fusion, is stirred, so that every part may be 
exposed to the air and flames. After a time, the mass 
heaves, emits a blue flame, gradually grows tougb, 
and becomes less fusible, and at length pulverulent ; 
the fire is then urged, so that the particles again agglu- 
tinate at a welding heat, and are gradually wrought 
Up into masses. In that state of intense heat, the 
masses are passed successively between rollers, and the 
bars made malleable. They are cut into pieces, placed 
in parcels in a very hot reverberatory, and again ham- 

~*^ Abridged fVoia Sir R Phllllps'g Personal Tour, Part II. 1830- 
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mered or rolled out into ban. They are tiim rendered 
more tougb, flexible, and malleable, but much Imb 
fhsible, and may be conaidered as nearly pure iron. 

ffhy ia iron hetier coBt perpendiculariy than horixonr 
iaUjff 

Because of the pressure of the upright column, 
which renders the iron much less liable to air-bubbles 
and imperfections of that kind, which defeat the sidll 
and calculations of the machinist If this upright 
pressure be increased by a weight of extraneous metal, 
the casting is still m<»e Hkely to be sound. 

fHiy does a rod of tor&ught irori, if plunged into catt 
iron infusion, became steel f 

Because the iron absorbs part of the carbon. What 
is called caae-hardeningy is a conversion of the surface 
of iron into eteeL 

Why is the process hy u>kich iron is converted into 
Hedy caUed cementation^ 

Because it consists in heating bars of the purest iron 
in contact with charcoal; it absorbs carbon, and in- 
creases in weight, at the same time acquiring a blis- 
tered surface. This, when drawn down into smaller 
bars, and beaten, forms tUted steel; and this broken 
up, heated, welded, and again drawn out into bars, 
forms shear-steeL 

In this process it has been commonly considered that 
the carbon combines mechanically with the iron; our 
chemists have, however, long been of op^on, that it 
is a chemical combination that takes place, by the gra- 
dual absorption of carbon in the gaseous state, by the 
iron. This fact has been proved by Mr. Charles Mack- 
intosh, of Orossbasket, Lanark, who has taken out a 
patent for preparing steel, by subjecting the iron to a 
stream of carburetted hydrogen gas, evolved from coal 
'under distillation. This iron is enclosed in a pot or 
orucible in the furnace, and when arrived at the pro- 
per heat, a stream of gas is directed by a pipe into the 
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eni€ible, whi«h has another aperture to allow that part 
of the gas to escape, which has not been taken up by 
the metal. Steel, in ingots, is porous ; but, to confer 
solidity, it is hammered, tilted, and rolled. At Atter- 
cliffe, near Sheffield, are extensive works for these pur- 
poses. Here, by the power of a water>wheel, fifteen 
feet in diameter, hammers are worked, weighing from 
3 to 4ii ewt and strike, at ten or twelve inches fidl, 
from 100 to 220 times in a minute. The ingots, at a 
strong red heat, are exposed to the action of diese hanr- 
mers, and the n^etals condensed into bars, which are 
next submitted, at the same degree of heat, to the 
tilting hammer, which gives 300^ strokes per minute: 
lastly, they are rolled or flattened into sheets, and 
drawn into lengths. Six tons a week are hammered 
down by one hanmier; about three tons are tilted; 
and twenty-four tons can be rolled, working night and 
day, by relays of hands. 

The making of steel is a British manu&cture scarcely 
sixty years old. Previously it came from Austria and 
Syria, and was dear and Uttle used. It is, however, 
now heated, welded, cut, and moulded in this country, 
with nearly the same facility as deal wood by an orcfi- 
nary carpenter. 

Why does a drop of nitric aeH let fall vpon sted, 
occasion a black spot ^ 

Because the iron is dis^lved, and the carbon thereby 
exposed to view. — Parkes. 

Why is sted tempered^ . ^ 

Because, when steel is heated to a cherry-red colour, 
and then plunged into cold water, it becomes so ex- 
tremely hard and brittle, as to be unfit for almost any 
practical purpose ; and tempering reduces it from this 
extreme hardness, by heating it to a certain point or 
temperature. 

The polishing of steel is not executed in the same 
manner as that of the softer metals: the steel is not 

n3 
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poliflhed until it has been hardened, and the harder h 
u, the more briiUant will be its poUsh. Rotten-stone, 
a kind of veiy light tripoli, but finer than the other 
aorta, and found near Bakewell, in Derbyshire, is 
esteemed for general polishing; but steel, from its ex- 
treme hardness, requires to be polished with emery. 

Whf an various colours produced on heated sted^ 
Because of the oxidation which takes place, as is 
proved firom the circumstance that when steel is heated 
and suffered to cool under mercury or oil, none of the 
colours appear ; nor do they when it is heated in hy- 
drogen or nitrogen. — Brande, 

Why is it customary to judge of the temper qfsted by 
its colours ? 

Because, the surface being a little brightened) exhi- 
bits, when heated, various colours, which constantly 
change as the temperature increases. Thus, when 
steel is placed in a bath heated to 600^, the first change 
is at about 430'', which is very faint ; at 460", the co- 
lour is straw, becoming deeper as the temperature is 
increased ; at 500'^, the colour is brown ; this is fol- 
lowed by a red tinge, with streaks of purple, then pur- 
ple ; and at nearly 600®, it is blue. "The degrees at 
which the different colours are produced, being thus 
known, the workman has only to heat the bath with its 
contents up to the required point For example, sup- 
pose the blade of a pen-knife, (or a hundred of diem,) 
to require tempering ; they are suffered to remain in 
the bath until#ie mercury in the thermometer rises to 
460% and no longer, that being the heat at which the 
knife (supposing .it to be made of the best English cast 
steel) will be sufficiently tempered. 

JVhy is cast steel so called f 

Because it is prepared by fusing blistered steel with 
a flux comj)osea of carbonaceous and vitrifiable ingre- 
dients, casting it into ingots, and afterwards by gentle 
heating, and caieful hammering, giving it the form of 
bars. 
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PHiy is 0u Peruvian ifted so caBedf 

Because it is an alloy of steel with certain portions 
of other metals from Peru. It is, technically speakine, 
sadder, not so easy to work as other steely and yet much 
harder and tougher than any other. 

CUTLERY. 

Why is sted used for making cutting instruments f 

Because it combines the fusibility of cast with the 
malleability of bar iron, and when heated and suddenly 
cooled, becomes very hard. 

The rapidity with which razors, knives, &c are pro- 
duced from the raw material, -is truly astonishing. 
Thus in the workshops at Sheffield, we may in a few 
minutes see dinner knives made fix)m the steel bar 
and all the process of hammering it into form, welding 
the tane of the handle to the steel of the blade, hard- 
ening the metal by coolins it in water and tempering 
it by de-carbonizing it in me fire. 

The nuniber of hands through which a common 
table-knife passes in its formation is worthy of beins 
known to all who use them; The bar steel is heated 
in the forge by ike maker, and he and the striker reduce 
it in a few minutes into ihe shape of a knife. He then 
heats a bar of iron and welds it to the steel so as to 
form the tang of the blade which goes into the handle. 
All this is done with the sunplest tools and contri- 
vances. A few strokes of the hammer in connexion 
with some trifling moulds and measures, attached to 
the anvil, p^ect, in two or three minutes the blade 
and its tang or shank. Two men, the maker, and 
striker, produce about nine blades in an hour, or seven 
dozen and a half per day. The rough blade thus 
produced, then passes through the hands of the filer, 
who files the blade into form by means of a pattern in 
hard steel. It then goes to the hafters to be hailed in 
ivory, horn, &c. and then to the finisher. In this pro- 
fession, every table-knife, pocket-knife, or pen-knife^ 
passes, step l^ step, through no less than 16 hands 
or 144 separate stages of workmanship. 
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Sheffield employed ab«ut 15,000 penons in theee 
V. epaitments^ four yean since : 

OnUbte-knivM - 9,940 

On spring-knivM S,190 

On raxora ...--.. 478 

Oq Mluon ....... 806 

On flies i;»4 

On Miwt .......-400 

On edged tools 541 

On forks 480 

In the country ...... 130 

In the plated trade nearly - - >. - SiOOO 

About 10^9 

Besides those who are employed in Britannia-metsI 
ware, smelting, optical iDsrniments, grinding, polish- 
ing, &c. &c. making full 5,000 more. There are fuU 
1,700 forges engaged in the various branches of the 
trades, and of course as many fires. 

Why are the most minute instrumetds generodly made 
ivUh good steel f 

Because it is much more ductile than iron : a finer 
wire being drawn from it than from any other 
metal. 

Why is Wootx or Indian steel the tnost valuable for 
nuxkwg edge tools ? 

Because it is combined with a minute portion of the 
earths, alumina and silica; or rather perhaps, with 
the bases of these earths. Whether the earths are 
found in the oar, or are furnished by the crucible in 
making the steel, is not certainly known ; nor is the 
Indian steel-maker prohably aware of their presence. 
Wootz, in the state in which it is imported, is not fit 
to make into fine cutlery. . It requires a second fuaon, 
by which the whole mass is purified and equalized, 
and fitted for forming the finest edge instruments. — 
Brande, 

Why does a tosmt operate best when dipped in hot 
water? 
Because the temperature of the blade has then been 
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ra^d, and the finmess of the edge propoitionally in- 
creased. 

In some experiments, the knife edges attached to 
the pendulum described by Captain Kater, in PML 
2)*af». 1818, on being careftiUy hardened and tern* 
pered in the bath at 432^, were, on trial, found too 
soft They were a second time hardened, and then 
heated to 212^^ at which point the edges were ad- 
mirably tempered. This^ it will be remembered, is 
the heat of boiling water, and further illustrates the 
preceding question. 

In the manufiicture of a razor, it proceeds through 
a dozen hands; but it is afterwards submitted to a 
process of grinding, by which the concavity is perfected, 
and the fine edge produced. They are made from 
Is. per dozen, to 20«. per razor, in which last the 
handle is valued at 16^. 6d. — Scissors, in like mannei^, 
are made by hand, and every pair passes through 
sixteen or seventeen hands, including fifty or sixty 
operations, before they are ready for sale. Comgion 
scissors are cast, and when riveted, are sold^ as low as 
4js. 6d. per gross ! Small pocket knives too are cast, 
both in blades and handles, and sold at 6a, per gross, 
or a halfjpenny each ! These low articles are exported 
in vast quantities in casks to all parts of the world. 

iiwc. 

ffky ia Zinc useful in (he arts 7 

Because, in combination with copper or tin, in 
various proportions, it forms tome of tne most useful 
compound metals or alloys. Thus, with copper, it 
constitutes brass, pinchback, and tombac ; with little 
copper, Prince's metal ;* with tin and copper, bronze. 

Koo^ covered with zinc are very numerous in the 
Low Countries but have one bad quality. In cases of 
fire, the zinc being very combustible, soon becomes in- 
flamed, and felling all around, occasions great danger 

•Bee Doifst-nc Soisiccb, page 65. 
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to those who approach the building. In phort, zinc is 
the inoet coiubustible metal we have. If beiUen out 
into thin leaves, it will take fire from the flame of a 
common tap<:r. 

Why has ike oxide of ztne hem wbsUtided for 
i^iiU lead in houn^painting. 

Because it preserves a good colour much longer: 
it is not, however, of so-penect a white as lead. 

fVhy did the aneienU ffnix Hn with Uteir copper coins 
and edge tools 9 

Because it occasioned the coins to wear longer, and 
it imparted sufficient hardness to the copper to render 
it capable of forming very good cutting instruments. 
Mr. Parkes, in analysing several Roman brass coins^ 
from various periods of the Empire, found tin to be a 
component part in all of them. 

JVhy is not Spanish tin 'used in this country f 
Because it bears a prohibitory duty of 201. per cent 
It is raised in great quantities in South America, and 
is very pure, but not so neatly manufactured as the 
Cornish tin. According to Aristotie, the tin mines of 
Cornwall were known and worked in his time. Dio- 
dorus Siculus, who wrote 40 years before Christ, des- 
cribes the method of working these mines, and says, 
that their produce was conveyed to Gaul, and thence 
to different parts of Italy. The miners of Cornwall 
were so celebrated for their knowledge of working 
metals, that about the middle of the 17th century, 
the renowned Becher, a Physician of Spire, and tutor 
of Stahl, came over to this country to visit them. 

A celebrated tin mine was the famous wherry mine^ 
near Penzance. The shaft through which the miners 
went down to work, was situated nearly 100 yards 
below water mark. "The opening of this mine" says 
Dr. Maton, "was an astonishingly adventurous un- 
dertaking. Imagine the descent mto a mine throu^ 
the sea, the miners working at the deptii of 17 fathoms 
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below the waves ; the rod of a steam engine, extend- 
ing from the shore to the sbafl, a distance of nearly 
120 fathoms, and a great number of men moment- 
ari^ menaced with an inundation of the sea, which 
continually drains in no small quantity through the 
roof of the niine, and roars loud enough to be dis- 
tinctly heard in it" The working of this mine was 
wholly given up in the year 1798. 

Such is the mineral wealth of Cornwall, that it 
contains more men, . who possess fortunes, sprung 
from the mines, of five and from that to twenty 
thousand pounds, than there are in any other county 
of England, excepting the metropolis and its vicinity; 
and there are some instances of individuals acquiring 
from lifly to two hundred thousand pounds, from the 
mines, and by a fortunate course of trade. 

Why shotdd tin be chosen for its lighiness ? 

Because its purity is in exact ratio with its levity ;. 
while gold, on the contrary, unless alloyed with plati- 
num, is fine in proportion to its density. 

Why is tin so important to the dyer'} 

Because it is employed to give a brightness to cochi- 
neal,* archil, and other articles used m forming reds 
and scarlets; and to precipitate liie colouring matter 
of other dyes. Fot these purposes it is previously 
dissolved in a peculiar kind of aqua-fortisy called 
rfycr*' spirit. ^ 

Tin IS consumed in large quantities by the dyers ; 
it is also used for covering sheet iron to prevent its 
rusting, and in forming plumbers' solder, speculum 
metal, ^ pewter, and some other alloys. Its oxides are 
used in polishing glass, in glazing some kinds of 
earthenware, &c. 

Why is tin-plate so called^ 

Because it .is made by dipping clean iron platen 
into melted tin. When tin-plate is washed over with 

* See ZooLoor— /iwecfo, page 258. 
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a weak acid, the ciystaUine texture of the tm be- 
comes beautifully evident, fonniiig an appeanmoe 
which has been called motre metallique. 

Why art pins wkUentd by boiling in grom-fifi and 
nmerUutrate qfpotath $ 

iiecauee the tartaric acid first diasolvee the tin, and 
then gradually deponts it on the surface of the pins, 
in consequence or its greater affinity for the zinc, of 
which the brass wire is composed. 

Why were the Stannary Cwrts so eaBed9 
Because they regulated the affairs of the tin (Slan- 
nam, Latin,) mines, and determined causes among the 
tinners, whether criminal or actions for debt At Lyd- 
ford, on the borders of Dartmoor, was one of the Stan- 
nary prisons : hence the Devon and Cornwall saying : 

** First hanf; and draw, 

Then heur th« cause by Lydford Law j " 

orLydford Law, by which they hang men first, and 
try them aflerwiurds. 

Why 18 lead employed in r^tnxnff the precious mdals 9 
Because when mixed with tnem m a great heat^ 
It rises to the surface combined with all heteroge- 
neous matter. Lead is employed to cover buildings, 
to form water-pipes, (though Vitruviiis, the Roman 
arehitect, in the time of Augustus, condemned this 
practice,) and to make a great variety of vessels for 
economical purposes. Its oxides are used for dyeing 
and calico-printing, in the manufacture of glass, earth- 
enware, and porcelain : and lead is capable of formins 
various alloys. There is also a large consumption of 
lead in making shot* 

Whv is lead employed in the maniLfactvre of white 
metal outtons ? 
Because it has been discovered that a certain pro- 

* See MccHATVici, p. 90. 
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portion of lead may be mixed with the metal €onnerlf 
used, without injuring the appearance of the button ; 
thus affording a very considerable additional profit to 
tlie manufacturer. 

Why is lead employed to correct harsh wine 9 
Because it has the property of imparting a saccha- 
rine taste when dissolved in acids, as in that of the 
wine. The ancients knew that this metal rendered 
harsh wine milder, but it was not universally known 
to be poisonous. According to Pliny, the Greeks and 
Romans proved the quality of their wines by dipping a 
plate of lead in them. Lead will also take off the ran* 
cidity of oils. 

Why were blocks of lead ccMtd p^sf 

Because they might be distinguished from larger 
blocks, called sows, which latter term is still retained 
in the word soto^mdal. In 1773, a pig of lead was dug 
up near Ta,m worth, with an inscription of the date 
76, A.D., or 1697 years old ; thus proving lead to have 
been used by the Romans in this country. 

Why is lead cast in such regular sheets^ 
Because the melted metal is suffered to run out of 
a box through a long horizontal slit upon a table pre- 
pared for the purpose, while the box is drawn by ap- 
propriate ropes and pulleys along the table, leaving the 
melted lead behind it in the desired form, to congeal. 
The lead thus cast is then passed between two iron 
rollers placed at such a distance from each other, as 
will reduce it to the requisite thickness. 

Why is Aiomnwn had changed into red lead by meU- 
ingU in ovens ^vUh a free access of atmospheric air^ 

because the lead absorbs so much oxygen as to be- 
come converted into an oxide. Thus, the melted lead 
IS exposed until the surface is covered with a pellicle ; 
this pellicle being removed, another is formed; and 
thus, by succe^ively removing the pellicle as it forms, 
the greater part of the lead is soon changed into a yeU 

PART X. E 
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lowteb-green powder. This powder is then i^und in 
a mil], and when it has been washed and properly 
dried, 10 thrown back into the fbmace ; and this, by 
oonetant stirring ibr thirty or forty hours, so as to expose 
every part to the action of the air, becomes red lead, 
and m taken out for uae. Twenty cwt of lead gener- 
ally ffive 23 cwt of red lead ) so that 2 c wt^ of oxygen 
•re fUMorbed from the atmosphere during the process. 

The only important alloys of lead are those with tin. 
Common pewUr consists of about 80 parts of tin and 
90 of leao. £qual parts of lead and tin constitute 
jrfiMi6er«* $okkr ; and what is termed pot-metal, is an 
alloy of lead and copper. 

The reduction of native lead upon a large scale, is 
a sufficiently simple process. The picked ore, after 
having been broken and washed, is roasted in a rever- 
beratory fire, the temperature being such as to soften 
but not fuse it During this operation, it is raked till 
the ftimes of sulphur are dissipated, when it is brought 
into perfect fusion ; the lead, reduced by the fuel, 
sinks to tlM» bottom, and runs out into oblong moulds 
called ]ng9; the scoriie are again melted,- and furnish 
a portion of less pure metd. The mines of Great 
Britain afford an annual produce of about 48,000 tons 
of smelted lead. There is a peculiar variety of native 
lead, called in Derbyshire lAickensideSy which, when 
touched by the miners' pick, often splits asunder with 
a kind of exploEuon.* 

Plumbago, graphite, or hlackdeadj is generally re- 
garded as a true carburet of iron : it is not uncommon, 
Uiough rarely found sufficiently pure for pencils ; the 
coarser kinds, and the dust, are melted with sulphur, 

^Tbe praetice and laws of mining in Derbyshire, are somewhat 
carioui. Sir Richard Phillips, in his recent Personal Tour, tells us, 
** there is a large district called the King^g FieltL, and as the king is en- 
Utled to a share, so any penpn finding a vein of ore, may. on giving 
notice to the Bar-matter,an officer so called, work the said vein for 
his own benefit, and the king's. The Bar-master then places a cross- 
stick on the spot, and the vein is deemed the legal property of the dis- 
~~ '^rer, who is, moreover, entitled to a right of way to ttie nasMst 
'c road." 
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for common carpenters' pencils : it is sometiqies used 
in manufacturing erueibles, and in compositions for 
covering oast-iron^ and for diminishing friction in ma- 
chinery.* 

Mr. Bakewell was informed at the celebrated mine 
in Borrowdale, that black-lead, to the amount of oae 
thousand pounds, had been obtained there in one day. 

Why u comnum tokUe-lead made by exposing sheet- 
lead to acetic acidf • 

Because the fumes of the acid oxidize the metal 
Thus, a number of crucibles, holding from three to six 
<iuarts each, and nearly filled with vinegar, are placed 
in hot-beds of tan: upon these crucibtes thin sheets 
of lead, rolled up In coils, are placed, one coil over each 
crucible. The heat of the bed occasions the vinegar 
to rise in vapours, and this attaches itself to the 1^, 
and oxidizes its surface to a considerable depth. 'The 
oxide which has been thus formed, is scraped ofl^ and 
the coils of lead replaced : in this manner the opera* 
tion is repeated, until the whole of the metal is oxi- 
dized. This oxide, which contains a portimi of carbo- 
nic acid, is afterwards washed, and ground for side. 

,fFhy does linseed-oUj boiled toUh red-lead^ become 
drying oUf 

Because the oxygen of the metal combines with the 
oil, imparting to.it me property of drying quickly. 

ANTIMOlTT. 

Mliy is antimorw important in ihe arts ^ 
Because, alloyea wim lead, in the proportion of 1 to 
16, and a smsJl addition of copper, it forms the alloy 
used for printers' types : with lead only, a white and 
rather brittle compound is formed, used for the plates 
upon which music is engraved. With tin, antimony 
constitutes a kind of pewter, a term, however, applied 
to an alloy of lead apd tin. The finest pewter consists 

* See MicHAirio*, ptfe 9fi> 
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of about twelve parts of tin and one of antinHmj, with 
a small addition of copper. A good white metal, 
(Britannia) used for tea-pots, is composed* of 100 tin, 
o antimony, 2 bismuth, and 2 copper. 

COFFER. 

ffhy is copper chosen for making trvmpeis and other 
muakal imAiiments ? 

Because of its sonorous property. 

Why is copjfer-unre chosen by vnre-dancersf 
Because of its great elasticity. Thus a wire 1-lOth 
of an inch in diameter, will support nearly 300 lb. 

The first copper smelting works were established at 
Swansea, about a century ago^ — ^but the business has 
so increased, that it is calculated not fewer than 10,000 

{>er8ons are now employed in the works and the col- 
ieries, and the shipping connected with them. 
The following is an outline of the process by which 
.ores of copper are reduced, as carriea on upon a large 
scale near Swansea, where the chief part of the Corn- 
ish ores are brought to the state of metal. The ore, 
having been picked and broken, is heated in a reverbe- 
ratoi*y furnace, by which arsenic and sulphur are driven 
off. It is then transferred to a smaller reverberatory, 
where it is fused, and the slag which separates, being 
occasionally removed, is cast mto oblong masses, used 
as a substitute for bricks. The impure metal collected 
at the bottom of the furnace, is granulated by letting 
it run into water; it is afterwards melted and granu- 
lated two or three times successively, in order further 
to separate impurities, which are chiefly sulphur, iron, 
and arsenic, and ultimately cast into oblong pieces 
called pi^, which are broken up, roasted, and lastly 
melted with charcoal in the refining furnace. Mallea- 
bility is here conferred upon the copper, and its texture 
improved by stirring the metal with a pole of green 
wood, generally birch, which causes great ebullition 
and agitation ; assays are occasionally taken out, and 
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the metal, originally crystacUine and granular \rhen 
cold, now becomes fine and close, so as to assume a 
silky polish when the assays are half cut through and 
broken. The metal is now cast into cakes about twelve 
inches wide, by eighteen in length. Copper for brass- 
making is ffranulated by pourinff the metal through a 
perforated ladle into water ; when this is warm, the 
copper assumes a rounded form, and is called bekm 
shot ; but if a constant supply of cold water is kept up 
it becomes ragged, and is called feaJOi/exfid shot. An- 
other form into which copper is cast, chiefly for ex- 
ports to the East Indies, is in pieces of the length of 
six inches, and weighing about eight ounces each . 
the copper is dropped from the moulds, immediately 
on its becoming solid, into a cistern of cold water; and 
thus, by a slight oxidation of the metal, the sticks 
acquire a rich red colour on the surface. This is called 
Japan Copper. — Brandt, 

Sulphate of copper, or Roman vitriol, is much used 
by dyers, and in many of the arts. Fo wlins^pieces and 
tea-urns are browned, by washing them with a solution 
of this salt. Verdigris is an acetate of copper. Blue 
verditer, much used in staining paper tor hangiuff 
rooms, is a nitrate of copper, combined with hydrate of 
lime. Mineral and Brunswick green, are likewise 
combinations of copper with potash, &c. At Mont- 
pellier, the manu&cture of rou^h verdigris is part of 
the household business in the wme-farms, and is gene- 
rally done by the women. 

The annual value and produce of the copper and tin 
from the mines of Cornwall and Devonshire, on an 
average of several years, may be stated at 75,000 tons 
of copper ore, value £800,000. sterling ; 3,250 tons of 
metallic tin, value £2^,000. — BaketDdPg Geologtf, 

According to the tables of the produce of the soft me- 
tals raised in Great Britain, as given in a work en- 
titled Records qfMimng, the quantity raised in a year 

£3 
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is as foUowB :<— copper, 16,635 tons ; lead^ 47/)00 tons ; 
and tiO| 5^816 tons. 

ffhf is the nut advantageous to copper f 
Because the corroded part is very thro, and preserves 
the metal beneath frorn nirtber corrosion. 

f9%y hoot small heUs a skriU tone^ 
Because ^nc is added to their composhion, usually 
consisting of three parts copper and one of tin. 

^ Why has apparatus been invented for sounding hells 
without putting 7 

Because buildings suffer much from the soundiug 
of bells, especially when they are very heavy. Let 
one, in fncty only imaffine a mass of several tons 
swinging to and fro, and he will readily perceive how 
much a building must be shaken by it. In Denmark, 
Professor Oersted has introduced into a bell a balance ; 
similar to that of a pendulum. An axis, by turning, 
raises a hammer, which, at each turn, strikes the beU, 
and produces a sound which cannot be distinguished 
from that emitted by the bell when tolled. 

Tlie largest bells in the world are to be found in 
Russia, The "Great Bell" of Moscow, cast in the 
year 173^ weighs 432,000 pounds, is 19 feet high, 
21 yards in circumference at the bottom, and at its 
greatest thickness 23 inches.* 

Why should children be cautioned against eating 
Ute imitative ^dd on gingerbread^ ^c. ? 

Because it is nothing more than a fine kind of brass, 
which'is supposed to be made by cementation of copper 
plates with calan^e, and hammered out into leaves 
>™»— p— ^^— — ^— ^— ^^^^^^^-^— » ■ ™*~^-~' ■ ■ ■™~~^*^^''^"*^—™^ 

* Mirrora aYe also cast of larger dimensions at St. PeteTBbursti.thRa 
eliewbere.. In the Imperial manafkctery liere,.was cast for Prince 
PotemXin, a mkror, measuring 194 inches by 100. One, of the same 

B'oportioni, and valued at three thousands guineas, was cast for the 
uke of Wellington, a few y^ars since, but was broken to atomi ia 
its conTeyance-lroni St. P^tersburgfa to England. 
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itt Germany. It is sold very cheap in this country, 
under the name of Dutch gold or Dutch metal. It is 
about five times as thick as gold leaf; that is to say, 
it is about one s&zty-thousandth of an inch thick. 

PHiy is tinpreferable to Met metals for lining copper 
vessels $ 

Because it combines with copper at a much lower 
temperature than is necessary to fuse the copper alone. 
When vessels are tinned, they are first scraped or 
scoured ; after which they are rubbed with sal-ammo- 
niap. They are then heated, and sprinkled with 
powdered resin, which defends the clean surface of the 
copper from acquiring the slight film of oxide, that 
would prevent the adhesion of th& tin to its sur&ce. 
The melted tin is then poured in and spread about. 
An extremely small quantity adheres to the copper, 
which may perhaps be supposed insufficient to prevent 
the noxious effects of the copper as perfectly as might 
be wished. 

Why do watchmakers prefer Dutch brass to the 
English^ 

fiecause of its superior ductility, which is owing to 
Che large proportion of copper contained in it; the 
Dutch being a compoundTof two atoms of copper and 
one of zinc, while the English is of equal parts of 
copper and zinc. — T%omson, 

COBALT. 

ffky is cobalt extremely valuable to the manufacturers 
of porcelain f - ' 

. Because it not only produces a beautiful colour, but 
endures the extreme heat of their iumaces unaltered. 
This colour is 'so intense, that a single grain of the 
pure oxide will give a deep tint of blue to 240 graiiis 
of glass. Smalt, or powder-blue, used by laundresses, 
consists of oxide of cobalt, ground impalpably with 
ffint-glass. This is also used to give a blue tinge to 
writing and printing papers. 
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•Cobalt ores generally contain arsenic: they are so 
contaminated with it, that the workmen who are em- 
ployed seldom live many years. 

Why is colfxM esptciaUy valuahU in thejbu artsf 
Because its oxide forms the most permanent blue 
colour that we are acquainted with. La Grange says 
that the old painters used this oxide mixed with oil 
in th^ paintings, which is the reason why the ^y 
and drapery in some old pictures are of so durable a 
blue. 

BISMUTH. 

Hliy ig bismuth importomt in the composition for 
printing-iypes f 

Because it has the singular property of expanding 
as it cools; and from this expansive' property are ob- 
tained the most perfect impressions of the moulds in 
which the letters are cast. The larger kind of types 
are generally made with lead and antimony, in the 
proportion of from 4 to 16 parts of the former to one 
of the latter. ^ 

SILVER. 

}fky is silver aUoyed vnUi copper/or plate and coinf 

Because the former metal is thus rendered harder 
and more sonorous, while its colour is scarcely im- 
paired. 

The silver mines of Mexico and Peru far exceed in 
value the whole of the European and Asiatic mines : 
for we are told by Humboldt, that three mines, in the 
space of three centuries, afforded 316,033,863 pounds 
troy of pure jsilver ; and he remarks that tliis quantity 
would form a solid globe of silver, 91,206 English feet 
in diametQi". (Jameson,) Mr. Helms is of opinion 
that the Andes, if properly examined, would afford 
silver enough to overturn our present commercial sys- 
tem, by making silver as common as copper. 

Silver has also been obtained from some of the lead 
mines of Great Britain. Bishop Watson, in his C%efii- 
icql Essays^ notes, " By the alver which was produced 
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from the lead mines in Cardigan8bii<«, Sir Hugh Mid- 
dleton is said to have cleared two thousand pounds a 
month, and that this enabled hiin to undertake the 

E-eat work of bringing the new river^ from Ware to 
bndon.*' 

Why dots silver tarnish and blacken^ 

Because of the sulphureous vapours in the atmos- 
phere : pure water has no effect upon silver ; but if 
the water contain vegetable or animal matter, it o^en 
slightly blackens its surface* in consequence of the 
presence of sulphur. 

Why is the German " sUver " improperly so named ? 

Because it is nothing more than the' white copper 
long known in China, and does not contain a particle 
of silver ; it is only an alloy of copper, metal, and nickel. 
Although only now coming into known use in Eng^ 
land, it has been no stranger, to the manufactories of 
Birmingham for at least twenty years or more. 

Why is plating so caUed? 

Because it is performed by the application of a plate 
of silver to the surface of copper, which is afterwards 
beaten or drawn out Amalgam of silver is sometimes 
employed for plating ; it is applied to the surface of 
the copper, and the mercury being evaporated by heat, 
the remaining silver is burnished. A mixture of 
chloride of ralver, chalk, and pearlash is employed for 
silvering brass : the metal is rendered very clear, and 
the above mixture, mdistened with water, rubbed upon 
its surface. In this way, thermometer scales and clock 
dials are usually silvered. 

A note upon the duty on plate will show how large 
a portion of gold and silver is annually diverted from 
the purposes of coin to those of ornament and luxury. 
The rate of duty upon silver wrought plate in 1804, 
was Is. Sd, ; upon gold IG*. per ounce ; it was after- 
wards raised to Is. &. upon silver, and to 17s. upon gold. 
At this time the annual net duty was less thaii 50002. ; 
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in 1828» it was upwards of lOS^OOOL; a rise more than 
twenty-fold, notwithstanding the greatly diminished 
supply fitmi the mines, and the consequent increasing 
value of the precious metals. 

ffky is coal ras imwious to aUver and plated foodgf 
Because of the sulphuretted hydrogen wliich it con- 



Wiy is the Btrmingham and Sheffield plaie superior 
to that formerly made ? ' 

Because the old method was by dissolving mercury 
in nitrous acid, dipping the copper, and depending 
on the afiinity of the metals, by which a very slight 
article was produced. But at Sheffield and Birming- 
ham, all plate is now produced by rolling ingots of 
copper and silver toother. About the eighth of an 
inch in thickness of silver is united by heat to an inch 
of copper in ingots about the size qf a brick. It is 
then flattened by steel rollers worked by an eighty- 
horse power. The creater malleability of the silver 
occasions it to spread equallv with the copper into a 
sheet of any required thickness, accoriding to the 
nature of the article for which it is wanted. Plated 
metal, the eighth of an inch, thick, is thus rolled by the 
hand into ten times the surface, the silver spreading 
equally; and the platinff would be perfect if the rolling 
had reduced it to the thini^ess of silver paper! This 
mode of plating secures to modem plate a durability 
not possessed by any plate silvered by immersion. 
Hence plated goods are now sought all over the world, 
and, if fairly used, are nearly as durable as silver 
itself. Of this material, dinner and dessert services 
have been inanuiactured at from fifty to three hundred 
guineas, and breakfast sets fix)m ten to two hundred 
guineas, as sold on the spot 

GOLD. 

ffhy is gold attoyed wiUi copper for cwni 
Because it is thus made harder tnan pure gold, and 
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:wiisti wear better than any other alloy except that 
with silver. 

The produce of the Ural gold mines amounted, in 
1827, to 672,4162. Gold is lUso found in the Rhine ; 
but the quantity is so scanty, that, the washer considers 
it a good day's work, if he succeed in collecting to the 
value of 5^. or 6s, From the official accounts of the 
yearly produce obtained from that stream in the Grand 
Duchy of Baden, we observe the value was, in 1821-2, 
£603 ; 1^ £808 ; 1827-6, £943. The last produce, 
small as it may appear, for it scarcely exceeded 17 
pounds in weight, showed so considerable an increase 
upon preceding years, that ti great impulse was given 
to this branch of industry in fiaden. 

We have already noticed the malleability of gold, 
though not its actual limit ; * for the gold-beaters find 
it necessary to a<ld three grains of copper in the ounce, 
to harden the ^old, which otherwise would pass round 
the irregularities of tlie newest skins, and not over 
them : and in using the old skins, which are not so 
perfect and smooth, they even add twelve grains. The 
wire which is used by the lace-makers, is drawn from 
an infiot of silver, previously gilded. In this way, 
from we known diameter of the wire, or breadth when 
flattened, and its length, together with the quantity of 
^Id used, it is fbund, by computation, that the cover- 
ing of gold is only l-12th part of the thickness of gold 
leaf, though it is still so perfect as to exhibit no cracks 
when viewed through a microscope. 

Fifly thousand pounds worth of gold and silver are 
said to be annually employed at Birmingham in mid- 
ing and plating, and of^ course lost for ever as buluon. 
— The ductility of cold is such, that one ounce of 
it is sufficient to gild a silver wire, more than 1,300 
miles long. . 

*fie9 MicHAirict, p. 17. 
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Whjfiimercwy Maedio npearaU gM and mherjnm 

ikt extraneous matter Jounainth 3io$e metaUf 

BecaUM, by trituratiog the maas with merciny, the 
gold and silver become amalgainated with it ; and 
afterwards this amalgam is submitted to heat, when 
the mercury sublimes ; the precious metals leaving ib 
a state of parity. 

The giklmg of buttons is, in part, similarly efiected. 
When the buttons, which are of copper, are made, 
thev are dipped into dilute nitric acid, to clean them, 
and then burnished with a hard black stone : they are 
then put into a nitric solution of mercury, and stirred 
about with a brush till they are- quite white : an amal- 
gam of gold and mercury is then put into an earthen 
vessel with a small quantity of dilute nitric acid ; and 
in this mixture the buttons are stirred till the gold 
attaches to their surface : they are then heated over 
the fire till the mercury begins to run, when they are 
thrown into a largacap made of coarse wool and goat's 
hair, and in this they are stirred about with a brush. 
The mercury is then volatilized, by heating over the 
fire in a pan. By Act of Parliament, a gross of but 
tons, of an inch diameter, are required to have five 
grains of gold on them ; but many are deficient even 
of this small quantity. 

Why 18 fiflse gilding so caUedf 

Because it is the art of applying thin leaves of sil 
ver, or of tin, to the substance to be gilded, and then 
rubbhig them over with a yellow transparent colour, 
Uirough which the metdllic splendour a}>pearB : this is 
very old ; and a njethod of affixing a wiiite metal to 
paper, and, then covering it with a gold varnish, has 
been known in China froni the earliest ages. It ap- 
pears also to have been employed at a very remote 
period for gilding leather, of which many specimens 
may be found in ancient leathern tapestry. 
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PLATINUM. 

ffhy w ploftnum «> called f 

Because it resembles silver; the term, in the fcm- 
gnage of Peni, roeaning " little silver." 

Platinum may always be known from other metals 
by its superior specific gravity, it being the heaviest 
body in nature. The important uses to which this 
precious ihetal may be applied, can be easily conceived, 
when it is considered that it unites the indestructibility 
of gold to a degree of hardness almost equal to that of 
iron ; that it resists the action of the most violent fire, 
and also of the most concentrated acids. One of its 
more useful applications has been to the coating of 
copper with as much ease as the common operation of 
tinning. The high value of plationra is however very 
much against its ^eneml adoption, for although niucn 
cheaper than gold, it is worth between four and five 
times its weight of silver. 

Why is the alloy of steel and platinum iveU adapted 
for mirrors ? 

Because it takes a fine polish and does not tarnish. 

Why is platinum well adapted for the manufacture of 
rings and chains ? 

Because it has the property of being united by weld- 
ing, either one piece to another, or with iron, or ateel. 
Hence its durability must add to its value. 

A beautiful coinage of platinum has lately been 
issued in Russia, the metal being found in consiaerabls 
quantities in the Uralian mountains of Siberia. 

Why is rhodium used for the nibs of metallic pens ? 

Because of its extreme hard ness and durability. For 
this successful application, the elegant arts are indebted 
to the suggestion of the late Dr. Wollastou. 

GLASS. 

Why is lead important in glass ? 
Because its oxide, in the form of litharge, or nii- 
Bium, increases the fusibility of the compound, gives 

PART X. F 
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it greater teDaciousDen whao hot, increaaes its refrac- 
tive power, and enabled it to bear sudden changes of 
temperature. It is a copious ingredient in the Lon- 
don Jlird fdoBB^ celebrated for its brilliancy when cut, 
and used Tor most optical purposes. Lead, hpweyer, 
ieuders glass so soft as easily to scratch. 

The manufacture of glass is as follows : — ^The glass- 
pots are placed round a dome-shaped furnace, built 
upon arches, and open beneath for the free admission of 
air ; there are generally six in each furnace, and they 
are entirely enclosed, except at an orifice on the acte 
openinj^ into a small recess formed by the alternate 
projection of the masonry and the flues, in which the 
workmen stand. Coal is the fuel employed, and the 
fUmace is so built that a rapid current oi flame may 
be directed round each flaas-pot, which afterwards 

g asses out with the smoke mto the dome and chimney, 
eating a broad covered shelf in its passage, which is 
the annealing oven. The materials, or fret, being 
fused, and the impurities removed, gradually become 
clearer, abundance of air-bubbles are extricated, and 
at length the glass appears uniform ana complete; 
the lire round each individual pot is then damped, till 
its contents acquire a consistency fit for working; the 
whole process requiring about forty-eight hours from 
the time the pots are filled. At the working heat, which 
is a full red, the glass has a peculiarly tenacious consis- 
tency, and as it adheres but feebly to polished metals^ 
it is easily wrought and managed with iron tools.* 

■ " ■ ■ ■ ■ ■^^ i». ■ I M lll» ^ I. ■.■•■■ ■-.>■■■ ■ ■ ■ ■ - - »..^y .i ^. ,■■■—■■ ^« - ■■ ■ , 

^Mi*. Brande, in a note to his Manwd of Chemistry ^ observes : ** An 
common ^ass, wben reduced to a fine powder, is mote or less acted 
on b^ boiling water, whieb separates the altcaii, and its entire disinte- 

gution seems only to be prevented by the insolubility of the silica* 
lass which has long been exposed to the weather, frequently exhibits 
a beautiful irridescent appearance, and is $to far decayed, that it may 
be scratched with the nail. Several years ago, I examined some bot- 
tles of wine which had Iain in a wet cellar, near tlie Bank, upwards 
of 150 years, having been deposited there (as circumstances ra^ved) 
-previous to the sreat fire of London in 1666. The glass was soft, and 
IMatlycorrbdednpon the surface, in consequence of the abstraction 
-'itsalkali.- The wine appeared to have been Malaga and Claxvt; tha 
^r had perished, but the former was still vinous." 
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It ii a curious fiict in the history of discovery, that 
the nianu&cture of glass is ui^known at Sidon, though 
this part of the country was once famous for the dis- 
coTery of^ as well as production of articles in, that mate- 
rial. The story of the discovery of glass by Phcenician 
mariners at Belus, near Sidon, in Syria, is mentioned 
by Pliny. Dyeing, however, is still practised, though 
not with the same success as among the ancient Tyn- 
ans, who were descended from the builders of Sidon. 
The standard of Syria in arts and manufactures, is, in- 
deed, every where, much below that of the most back- 
ward nation in Europe. 

ffhvdo ail glass, artides require to be earsfliUy on- 
ne^dea^ or suffered to cool very slowly ? 

Because they would otherwise be remarkably brittle, 
and apt to crack, and even fly into pieces upon the 
slightest touch of any hard substance. 

Why are ptate-^lass windows superior to those <^ 
eomtnon glass f 

' Because the two sur&ces of common ^rindow-glass 
are not perfect planes, and not perfectly parallel to each 
other, as in the case of plate-glass \ whence objects 
seen through the form^, appear generally more or less 
out of shape ; and hence comes the elegance and beauty 
of plate-glass windows ; and the singmar distortion of 
things viewed through that swelling or lump of glass 
which remains where the glass-blower's instrument 
was attached, and which appears at the centre of cer* 
tain very' coarse panes. 

The variation \^ also thus philosophically ejpluned : 
^ As it is the obliqpity between th^ passing ray and the 
surface, which, in any case of refraction, determinea 
the degree of bending, a body seen through a medium 
of irregular surface, appears distorted, according to 
the nature of that surface." — AmoU. 

Why is plate-glass so expensive f 

Because of the difficulty of producing a perfect 

f2 
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plafe, without specks, bubMeR, or wates^ afid ^^fe riak 
of breakage. Its manuiiicture 10 as follows : 

Thb materials being fused, are poured opon a boc 
copper-plate; the mass is then rolled out, annealed, 
and afterwards polished by grinding with sand, emery, 
and colcothar. 

Previously to 1559 all the glass employed in mirrorB 
was hloton ; when a Frenchman, named Thevai% dis- 
covered the art of canting it The art of polishing h 
Was invented by Riviere Dufresny. The French 
class for the royal manufactories is now cast at Toor* 
mville, near Cherbourg, and at 8t Gobin an -anciettt 
ehaUau near la Fere ; it is afterwards sent to Paris to 
be polished, silvered, and cut. Glasses are finiahed 
here to the value of nearly 6002. each, and are ao'me- 
tbnes 10 feet in height by 6^ in width. 

The price of large-nzed pier-glasses is within the 
reach of the most moderate incomes, and there is 
scarcely a family in France which does not possess 
cme or two ; while, as we all know, they are rarely to 
be met widi in England, except in expensively ftir- 
■isfaed houses. ' 

' H^hy waa the black oxide of tnanganue formarfy 
catted glass soap 'f 

Because it cleanses certain impurities, and espe- 
cially the green tinge which is apt to arise fit>m iin- 
pure alkali. 

Jfhy do glass-cutters use the point of a dtcrmondfar 
dividing and shaping their panes 9 

Because diamond is the hardest of kno^n substan- 
ces, and cuts or scratches every other body. — AmoU, 

Glass can, however, only be cut by the natural 
point of the diamond. There are various other meth- 
ods of cutting glass, among which the following, 
from a French Journal, merits notice. 

If a tube, or goblet, or other round glass body is to 
be cut) a line is to be marked with a gun^fllnt, having 
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a sharp angle, an agate, a diamond, or a file, exactlv 
on. the place where it is to be cut A lonff threao, 
covered with sulphur, is then to be passed two or 
three times about the circular line, and is to be infiamed 
and burnt ; when the fflass is well heated, some drops 
of cold water are to be thrown on to it, when the 
pieces will separate in an exact manner as if cut with 
scissors. It is by this means that glasses are cut cir- 
cular into thin bands, which may either be separated 
from, or repose ^upon, each other at pleasure, in the 
manner of a spring. 

Why %8 ihe wkite enamd in imitative gM trinketa 
of such Utile value % 

Because it is merely glass rendered more or less 
milky or opaque, by the addition of onde of tin ; it 
forms the oasis of many of the coloured enamels, 
which are tinged with the metallic oxides. 

Why are leaden huUeta let faU on glass cooled in the 
open air J tvUhout hreaJdne it, whereas a few grains of 
sand also letfaU on the gktss tomdd break it i^ a thoih 
sand pieces^ 

Because the lead does not scratch the surface of 
the glass; while the sand, being sharp and angular, 
scratches it sufficiently to break it 

Why are glass-house ^ cinderSf or cUnkerSf employed 
in hyaraxdic mortar f 

Because they contribute. to its rapid consolidation. 
Tins advantage was employed in the construction. of 
the bridge of Louis Xvl. at Paris, and in building 
the jetties and fort at Cherbourg. 

POTTERY. 

Why is common day of a brownish colour ? 
Because of the oxide of iron which it contains. 

Why is mckd prized by the Drench mamtfadurert 
qf porcelain $ 

Because ha oxide affords them a very delicate 

r3 
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{{reeti, and like other nietallio colours thit'^beam tfa« 
intenne heat of their ovens without injury. A hya- 
einthine colour may be eiven to flint-gla^ by meltiDg 
h with this oxide« — Pcuies, 

Why is manganese serviceable in the artsf 

Because its oxides are used in preparing bleaching 
fiquor ; in purifying glass, (for which purpose, accord-^ 
ing to Pliny, it was employed two thousand years agoj ; 
in glazing black earthenware ; and colouring porcelain 
enamels. 

fVhy are the Staffordshire potteries concluded to ht 
of Roman origin ? 

Because evident remains - of Roman potteries have 
been repeatedly discovered^ at a considerable depth 
below the present surface of the land. 

The better kinds of pottery, called in this country, 
Staffordshire ware, are made of an artificial mixture of 
alumina and silica ; the former obtained in the form 
of a fine clay from Devonshire chiefly ; and the latter 
consisting of chert or flint, which is heated red hot, 
quenched in water, and then sifted to powder. Each 
material, carefully powdered and sifted, is diflused 
through water, mixed by measure, and*brought to a 
due* consistency by evaporation: it is then highly 
plastic, and formed upon the potters' wheel or lathe 
mto various cireular vessels, or moulded into other 
forma, which, after having been dried in a warm 
room, are enclosed in baked clay cases, resembling 
bandboxes, and called se^gars ; tliese ai'e ranged in the 
kiln, so as nearly to fill it, leaving only space enough 
for the fuel ; here the ware is kept red hot for a con- 
siderable time, and thus brought to the state of bis^ 
euit. This ia afterwards gkEzed, which is done by dip 
ping the biscuit- ware into a tub containing a mixture 
€^ about 60 parts of litharge, 10 of clay, and 20 of 
ground flint, difiiised in water to a creamy consistence 
and when taken out enough adheres, to the piece ti 
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give an utiiibrm glazing when again heaieoL The 
pieces are then again packed up in the seggars, with 
small bita of pottery interposed between each, and 
fixed in a kiln as before. The glazing mixture fuses 
at a very moderate heat, and gives an uniform glossy 
coating, which finishes the process, when it is intended 
for common white ware. 

The manufacture of Worcester porcelain is de- 
scribed as follows : The siliceous and other substances 
are first pulverized by an iron roller, which weighs 
upwards of two tons, and revolves in a groove not un- 
like that of a cider-mill ; after this they are calcined, 
anil then groimd at the water-mill, sufSciently fine to 
- filter through sieves, through which no particle of 
greats dimensions than the 57,000th part of an inch 
can pass. The composition then, in its liquid state, 
IS dried upon the slip kilns till it becomes of the con- 
sistency of clay, when it is taken to the throwing- 
t>om, where the ware is first formed ; and from thence 
♦o the store-room, in which it is placed to ^ry gradually, 
thus preparing it for turning and pressing. The arti- 
cles being appued to the latter are diminished in thick- 
ness about one half: the ware is then put into the first 
set of kilns, called Biscuit Kilns, in which it is burned 
nearly sixty hours. Having passed through these 
kilns, such pieces as have been wari>ed by too great 
heat, are reburned in the second. Afler this the articles 
are prepared for receiving their glazing, which accom- 
plished, they are a third time committed to the fire, — 
and when the glaze is sufiiciently vitrified, they are 
taken out, and when cool, receive their finest embel- 
lishment in the painting-room ; they are llien, a fourth 
time, condemned to the furnace, for the purpose of in- 
corpoiuting the gilding and the colours with the glaze, 
after which they are burnished for the market. 

Why art {hepaUems upon ordinary porcelain chiefly 
inbtuef 

Because of the facility of applying cobalt. These 
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patterns are genenlly printed off upon paper, which is 
applied to the plate or other article while in the state 
of Discuit, and adheres to the surface when heat is pro- 
perly a{^lied. 

Why art gtan-wder and horax used in gUdmg poree^ 
lain? 

Because, upon the application of heat^ the gum 
burns of^ and the borax vitrifying upon the surface 
causes the gold firmly to adhere ; it is afterwards bur* 
nished. 

ffhy ought the matendU for porcdain to he sdected 
tmikthifeatestcavlum? ^ • 

Because it is necessary that the compound should 
remain perfectly white after exposure to heat ; that it 
should endure a very high temperature without fusing, 
and at the same time acquire a semi-vitreous texture 
and a peculiar degree of translucency and toughness. 
These qualities are united in some of the oriental 
porcelain, or China, and in some of the old Dresden, 
out they are rarely found co-existent in that of modem 
European manufacture. Sevres and Worcester porce- 
lain is extremely white and translucent, but it is more 
apt to crack by sudden changes of temperature, more 
brittle, and, consequently, requires to be formed into 
thicker and heavier vessels; and more fusible than 
the finest porcelains of Japan and China. Painting 
on porceltdn or in enamel is an art of great difficulty, 
and with every care there are frequent ndlures : hence 
the costliness of fine porcelain. 

The Sevres porcelain manufactory is in a village of 
that name about two leagues firom Paris. It was pur- 
chased by Louis XV. in 1759, and has since been the 
property of the French Government. Here was made 
a complete service for Louis XVI. of which each plate 
cost 25Z. and in the Tuilleries is a Sevres vase which 
cost lOOO;. In 1801, Brogniart, the distinguished 
geologist, was appointed director, and to his exertions 
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Ae esfttblishment la principally iodebted fi>r its cele- 
Blity siDCe the Revokition. 

According to Professor SiUimaD, the porcelain of 
America bids fair to rival that of the old worid. 
Spentdiig of a mantj^actory in Philadelphia, he says: 
''the porcelain is very beautiful in all the principid 
|uticalarB : in iS3rmmetry of modelling, in purity of 
whiteness, in the characteristic transiucence, in smooth-' 
nefls and lustre, and in the delicacy and richness of the 
gilding and enamel paintuig. That it rivals the finesi 
Jkfoductions of Sevres itself, it is not necessary to as- 
sert; but it certainly gives every assurance, that if 
property supported, it will not fiiil to meet every de* 
mand i^ utility and taste, which this great and grow-* 
ing country, may present." The raw material is veiy 
abundant near Philadelphia, and in many other parts 
of the United States. 

Whg ia Wtdgwowi-wart so called^ 

Because it was the invention, or rather improvement 
of Mr. Wedgwood, who, for that purpose brought mo- 
dellers from Italy and other parts of the Continent, 
and employed a competent chemist to superintend hia 
experiments. By this means, he not only excluded 
the foreign manufacture from the marketj but also 
supplied a large quantity for exportation, extending 
the business far beyond all former example. 

LtNEN, COTTON, ETC. 

ffhy 18 linen believed to have been origindUy manvr 
fadured in Egypt 9 

Because of its frequent mention in the books of 
^oses, the most ancient of the Scriptural writers. The 
original Hebrew, not, however, spedfying the sub- 
stance of which the cloth called in the version, linen, 
was formed, would be only slight evidence of the man- 
ufacture of flaxen cloth in Egypt at that period, were 
it not from thence that it was first obtained, and thence 
only that Europe was for a long time supplied with it 
Mummies are also generally found swathed in linen ; 
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andf-M the art of preserving bodies in that manner 
was practised in Egypt in the remotest ages, there can 
be no doubt that linen was made there at an era of 
▼ery great antiquity. 

fVhf did the manufadvare of linen make InU little 
frogrtse tn Hurope awing the middle agesf 

Because it was confined, both then and for a lonff 
period afterwards, to private families, wliere the thread 
was spun, and the web was wove for domestic use ; and 
its scarcity as an article of apjparel, has been considered 
as one of the chief causes or the leprosy. Linen, in- 
deed, seems to have been earlier adopted as a luxury 
for the table than the person, and we read of its being 
used at banquets long before it was known as an arti- 
cle of dress. 

Why is the newty invented Drench ^papier linge " so 
caUedf 

Because it consists of a piper made to resemble dam- 
ask and other linen so cleverly, that it is impossible, 
Without examination, to detect the difference ; and 
even to the touch, the articles made from the papier 
linge are very much like linen, and are used for every 
purpose to which linen is applicable, with the excep- 
tion, of course, of those in which strength and dura- 
bility are required. The price is very low : a napkin 
costs only ^re or six centimes, (about a half-penny) and 
when they are. dirty, they are taken back at half-price. 

Whjf is it comedured that fine India cottons were 
used %n ancient Rome f 

Because there was a regular conmiercial intercourse 
established through the medium of Egypt between 
Rome and India, the chief part of which was on the 
coast of Malabar, (which has been ever considered as 
the greatest manutacturing district of the East) where 
the art of weaving was practised at the.remotest period 
of which we have any account Mr. Gifibrd, in a note 
to his translation of Juvenal, tells us, tjfiat the ^ serica 
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vesUs were what we call fine cottons, imported into 
Europe in Juvenal's time, as thev were ages before, 
from Indla^ through the country ojf the Seres, the ipod- 
em Bochara:'' and this is strongly corroborated in 
the Ckorgics of Virgil, which seem evidently to allude 
to the cotton plant : 

Of iEchiop's hoary trees and woolly wood, 
, Let others tell: and bow the Seres spih 

Their fleecy forests in a slender twine. 

Dryden?8 Translation, 

Among the Greeks and Romans, spinning was the 
chief employment of the women : the^ rites of marriage 
directed their attention to it ; and the distaff and fleece 
were not only the emblems but the object^ of the most 
important domestic duties of a wife. The machinery 
employed in weaving, though perhaps rude in its con- . 
struction, was, in principle, similar to that still in use ; 
and the process of fulling and preparing the cloth, 
seems to have resembled the modern practice in every 
particular point, except that of shearing the nap, with 
which the ancients do not appear to have been ac- 
quainted. In early records we do not, however, read 
of cloth being measured, which appears to have arisen 
from ^a custom of weaving no more cloth in one piece 
than was sufficient to form a siugle dress. 

Muslins are to this day manumctured by the primi- 
tive loom in India, probably without alteration of the 
form in use during the earliest ages of its invention. 
It consists merely of two bamboo rollers, one for the 
warp, the other for the web, with a pair of geer, and 
the shuttle performs the office of the batton. This 
simple apparatus, the Indian weaver frequently erects 
under the shade of a tree. He digs a hole large enough 
to contain his legs, and the lower part of his geer ; he 
then stretches his warp, by fastening the rollers at due 
distances in the turf, and suspends me ballances of the 
geer from the spreading branches of the tree ; two 
loops beneath the geer, into which he inserts his great 
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toM, werwe instead of treddfes ; and with hna Itmm 
■buttle, be draws the weft, throws the warp, and 
afterwards cloees it up to the web. The spinning is 
■till performed by the ancient operation of thedistaC 
"^BeckmantL 

fVhy is woolUn a less advitntageous numvfmeture ihan 
coHonf 

Because wool undergoes great waste in the process 
of being made into cloth, by scouring and shearing, 
which may be taken at one half, and the expense is 
greater, whilst cotton incurs no waste of importance. 
In 1819 t)ie consumption of cotton in Great Britain 
was 408,500 bags; in 1822, 550,800; in 1825, 615,940; 
in- 1827, 602,900; and in 1828,732,700; by which it 
appears that the consumption was nearly doubled 
within ten years. 

The average fineness of cotton may be taken at twen- 
ty hanks to the pound ; and, as each hank is 840 yards, 
or nearly half a mile, every pound is nearly ten miles ; 
and the whole, about 400,000 miles, are produced in 
about sixty-six working hours. In round numbers, this 
is 6000 miles per hour, or 100 miles a minute. Every 
fibre passes through no less than ten sets of machinery ; 
hence the united spindles and threads travel through 
1000 miles a minute. The noise of their united fric- 
tions and collisions, apd the united hum of thousands 
of little spindles, each revolving 4000 miles a minute, 
may therefore be accounted for. 

The estimated number of looms propelled by veater 
and steam power, in the United Kingdom, is 58,000. 
. The average produce, taking it at twenty-two square 
yards a day, makes 1,254,000, or 1,741 yards a min- 
ute ; weekly, 7,524,000 ; monthly, 31,300,000 ; yearly, 
376,200,000. Allowing six yards to each person for 
yearly consumption, will supply 62,700,000, and will 
cover 62,700 acres of ground, and in length would ex- 
tend 213,750 miles, and reach across the Atlantic Ocean 
seventy-one times. — Manchester Journal. 

Among the wonders of this branch of manufacture 



r-'** 



i.RT8 AND MANUFACTUasa. Qk 

the following d«9erve mention. In 1745, a woman «t 
Cast Dereham, in Norfolk, spun a single pound of wool 
into a thread of 84,000 yards in length, wanting oidy 
eighty yards of forty-eight English miles ; which, at 
that period, was considered as a circumstance of suffi- 
cient curiosity to merit a place in the records of the 
Royal Society. Since that time, however, a young lady 
of Norwich has spun a pound of combed wool into a 
thread of 168,000 yards, and she actually produced from 
the same weight of cotton a thread of 203,000 yards, 
equal to. upwards of 115 English miles: — ^this last 
thread, if woven^ would produce about twenty yards 
of yard- wide muslin. Even our young readers may 
remember the eccentiic triumph of Sir John Throg- 
morton, who sat down to dinner wearing a coat which 
had that morning been wool on the sheep's back. 
ffhy is the spinning-frame superior to the jenny ^ 
Because, though the spinning-jenny invention, in 
1767, by Hargreaves, a carpenter, • at Blackburn, in 
Lancashire, gave the means of spinning twenty or thirty 
threads at once, with no more labour than had been 
previously requu^ed to spin a single thread, — ^the thread 
spun by the jenny could not be used except as weft, 
being destitute of the firmness or hardness required in 
the longitudinal threads or warp. Mr. Arkwright sup- 
plied this deficiency by the invention of the spinning" 
/rame, that wonderful piece of machinery, which spins 
a vast number of threads of any degree of fineness or 
hardness, leaving to man merely to feed the machine 
with cotton, and to join the threads when they happen 
to break. It is not difficult to understand the principle 
on which this machine is constructed, and the mode of 
its operation. It consists of two pairs of rollers, turned 
by means of machinery : the lower roller of each pair 
IB furrowed or fluted longitudinally, and the upper one 
is covered with leather ; to make them take a hold of 
the cotton. If there were only one pair of rollers, it is 
clear that a carding of cotton, passed between them, 
PART X. a 
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would bei drawrt forward by the revolution of die rol- 
lers ; but it would merely undergo a certain degree of 
compression from their action. No sooner, however, 
has the carding, or roving, as it is technically termed, 
began to pass through the first pair of roUers, than it 
is received by the second pair, which are made to re- 
volve with (as the case may be) three, four, or five times 
the velocity of the first pair. By this admirable con- 
trivance, the roving is drawn out into a thread of the 
desired deeree of tenuity, a twist being given to it by 
tbe adaptation of the spindle and fiv of the common flax- 
wheel to the machinery. Such is the principle on which 
Mr. Arkwright constructed his famous spinning-frame. 
It is obvious that it is radically dififerent fi-om the pre- 
vious methods ofspinning, either by the common hand- 
wheel or distaff, or by the jenny, which is only a mo- 
dification of the common wheel. Spinning by rollers 
was an entirely original idea. Mr. Arkwright stated 
that be accidentally derived the first hint of his great 
invention from seeing a red-hot iron bar elongat^ by 
being made to pass l^tween rollers ; and though there 
is no mechanical analogy between that operation and 
the process of spinning, it is not difficult to imagine 
that by reflecting upon i^ and placing the subj(BCt in 
different points of view, it might lead him to his in- 
vention.* — Ency. Brit. 

Why 18 the spinning mvie so named 9 
Because it is a compound of the machinery used in 
the hand-jenny and water-frame. 

Why is cambric so caUed? 

Because it was first manufactured at Cambray in 
France. 

* Mr. Arkwright's machines, on their first introduction, were reck-> 
oned adverse to the interests of the working-clafeses, and repeated, 
attacks were made on the factories built for them ; yet the resutt has 
shown the absurdity of these prejudices. It is doubtml whether dO,00(^ 
persons were employed in all the branches of the cotton manufacture 
at the above period; whereas, in consequence of those very inven- 
tions which the workmen endeavoured to destroy, there- are now ttp> 
wards of 1,000,000 directly engaged in its different departments: 
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Why may. Roueti be cwmdered the Manchester ^f 
Frcmce^ 

Because it is the great seat of the cotton manufac- 
tures, containing nearly 200 factories, employing from 
55 to 60,000 persons. The proximity of Rouen td 
Havre-de-grace, the great American port,' gives it the 
flame advantage, in point of situation, as Manchester 
derives from txiing near Liverpool. 

Why does netting differ from kmttingf 
Because the first is performed by knotting into mesh- 
es that cannot be unriavelled ; while the second is, by 
a certain arrangement of loops so connected with each 
other as to be highly elastic without separation, yet 
capable of being unravelled, and having the sanie 
thread applied to any other use. 

Why has it been conjectured that hnxt-stockings toere 
invenied in Scotland 7 

Because the earliest account of this kind of knittiuff 
is traced in a patent granted in France to a guild of 
knitters, who chose St. Fiacre, a Scotchman, for their 
patron. 

The intrdduction of knitting into this country, is 
however, involved in much controversy. Howell says 
that " Henry VIII. wore, ordinarily, clotfi hose, except 
there came from Spain, by great chance, a |>air of silk 
stockings. King Edward, his son, was presented with a 
pair of long Spanish silk stockings, by Thomas Gresh- 
am, his merchant" But, that woollen stockings were 
not only in use, but perhaps knit in this country, dur- 
ing the reign of Henry VIII. seems placed beyond 
doubt by this authentic household record: — 

" 1533. 25 H. 8. 7 Sept.— Peyd for 4 peyr of knytt-hose, viii *. 
" 1538. 3Q H. 8. 3 Oct.— Two peyr of knytthose, i «.»» 

The invention of the stocking-loom is thus recorded 
in the inscription to an old painting of one in the Stock- 
ing Weavers' Hall, London : — **In the year 1589, the in- 
genious William •L^, Master of Arts of St. John's Col- 
foge, Cambridge, d^ised this profitable art for stock- 
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ingB, (but being despised, went to Trance,) yet of iron 
to himself, but to us and others of gold : in memory of 
whom this is here painted.** — Seven of Lee*s workmen 
returned to England, and with another laid the foun- 
dation of the stocking manufactory in this country, 
where, in 1663, the masters were incorporated by let- 
ters-patent. In their petition the machine is described 
as consisting of two thousand pans, and making, al- 
most instantaneously, two hundred meslies. 

The formation of the Sociehf of tke Stocking at Ve- 
nice, in 1590, implies its antiquity on the continent* 

f91iy are Angola hose preferred for ffieir superior 
toamUh ? 

Because they combine worsted and cotton in the 
closest intermixture of the fibre. The separate mate- 
rials are first passed through a machine called a picker 
and blower, to clean and hghten the wool or cotton, so 
that half an ounce will fill a bushel measure. These, 
are then carded together, by which the intermixture is 
effected, part of each material being dyed blue and 
black. It is then spun of various fineness by throstles 
and mules, 

ffhy docs the knitting of thread4ace differ Jrom that 
of stockings^ 

Because, in making stockings, only one thread is 
employed, and that in one uniform way; whereas, 
lace is formed of as many threads as the pattern and 
breadth require. 

Why does lace exhihU various patterns 9 
Because the pattern is drawn on a piece of parch- 
ment, and fastened to the cushion of a circular box 
with pins formed on purpose, which are stuck through 
it in various places, according tm thte design intended to 
foe represented ; the requisite nwmbef i^ threads are 
then wound upon a small boblliD, one end being tied 
to each pin, and these are throf^cyotaer and under each 
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Other in y^drious wigrs ; so that the threads twine round 
the pins^ and thus form the multiplicity of holes or 
eyes which produce the desired figure. 

Why is some knit-lace called paint f 

Because it has been worked, or efnbroidered, with 
the needle: when formed of silk, it is called blonde. 

Why was cotton-lace Jbmierly in such disrepute ? 

Because the quality of lace depends on its transpa- 
rency, and at first, the meshes of cotton were encum- 
bered with loose fibres, which destroyed its clearness ; 
and to remove these, for some years appeared to be an 
insuperable difiiculty. 

Why is lace ^gassed^^ 

Because the flame of the gas may penetrate the 
meshes, and free them of these loose fibre% which is 
done without the smallest injury to the fabric. The 
apparatus of Mr. Hall, of Nottingham, for the purpose 
o£ gassing lace, is thus described: — He exposes the 
lace to a horizontal tube, provided with a series of 
orifices, through which ascends carburetted hydrogen 
gas, which, lighted at one end, takes fire through the- 
entire lengths of the tube, making a delicate blue fiame, 
about half-an-inch high. This is supported by the 
oxygen of the atmosphere ; but the oxygen is drawn to 
the fiame by a cap, the whole length of the horizontal 
tube ; and the cap is exhausted by its connexion with 
an air-pump, of extraordinary dimensions, worked by 
machinery: hence a brisk current of air constandy. 
passes over the inflamed hydrogen. At the same time, 
stop-cocks and valves are so provided, as to regulate 
both the emission: of the hydrogen gas, and the ex- 
haustion of the gas above it. A similar tube, with 
orifices, and a cap, is laid at about a foot distance firom > 
the other, and tl^eit by means of rollers on each side, 
the lace is ca^^ried through the two lines of flame, and 
being returned agalii, #ie operation is complete. The 
several machin^a^ as. Well as the eajiausting pumps, 
ture worked by watir power. — Sir R. PhiUips^s Twir 
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Why dots ordinary weaving diffh^fiom lace-ufeaning^ 
Because it has the warp perpendicular instead of 
horizontal ; and, Instead of the shtittie moving at right 
angles, brass bobbins, in brass carriages of very curious 
and delicate stf^icture, are made to pass in cross direc- 
tions round the warp threads obliquely, so as to pro- 
duce the hexagonal meshes. In truth, the principfis of 
the machine is to produce the very same result as is 
effected by the evolutions of the bobbins on the piUow 
or cushion in hand lace-making. 

Weavers, or lace-machine hands, are paid ^^the 
number of holes, or meshes, which run Irom ^0 to 
520 the square inch. The estimate is made by the 
rack, or 240 holes lengthways, for which they receive, 
ac(;ording to breadth, from threepence to eightpence 
per rack. 

WOOLLENS. 

Wliy was Spanish toool formerly so valuable^ 
Because it was the produce of the original stoc^ 
. from which the whole of tHe Merino sheep no w in ex- 
istence have been drawn. This was from a flock trans- 
ported from the Coteswold Hills in Gloucestershire, to 
Castile, in 1464. Until within these few years, the 
only fine wool known was the Spanish wool, which, at 
that time, was supplied to England, France, and the 
Netherlands, for their fine cloSi maiuifactures^ But 
the ravages of war destroyed many flocks, and the 
original system of keepmg the sh«ep^ was lost, so that 
the wool has degenerated into a quality not worth more 
than one- third of the same stock of sheep in Germany. 

Why has Saxony become so ceUbraied for its toool- 
trade J 

Because the late King of Saxony, when Elector, 
introduced the breed of ]$![erinQ,sheef^ into Germany, 
which has since transferred tlve vlUuable trade in fine 
wool, almost wholly from the Spanish to tl^ Crerman 
soil. Thus, Grermany realized m 1629, the sum of 
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£5,199,984. by th« growth of wool, instead of the 
worthless hair produced upon the old indwenous sheep 
of the country, which was scarcely in sufficient quan- 
tity to supply the peasantry with worsted petticoats 
and stockings. Of the above quantity^ there were im- 
ported into England, 23,110,8221b. of wool, which 
averaged at Is* 6d. per pound, makes a return of 
£1,733,311. 135. There is likewise a growing prospect 
of a supply of Merino wool, equal to the consumption 
of Great Britain, being produced from her two colo- 
nies of New South Wales and Van Dieman's Land. 
Why is foreign superior to British woolf 
Because abroad the wool is grown without seeking 
any other result than wool, — whereas, in England, the 
farmer sacrifices every advantage of quaM^ in the 
wool, to the necessity of exposing the weep to incle- 
ment weather on the fallow land ; and to the produc- 
tion of a fine fat carcass — ^both of which are incompa- 
tible with anything like excellence in the quality of the 
wool. If these motiv*es did not exist, the sheep would 
then be kept^br their wool ; but under so very different 
a mode of treatment, as to place it on a level widi the 
JMerino wool of Grermany. 

English historians generally attribute the establish- 
ment of the woollen manufactures in this country to 
the reign of Edward III., but according to the Exche- 
quer records, there were several guild fraternities of 
weavers established here so early as the middle of 
the twelfth century. Beyond tliis, Gervase of Canter- ^ 
bury, who wrote about the year 1202, says, when' 
speaking of the inhabitants- of Britain, that *<the art 
of weaving seems to be a peculiar gift bestowed upon 
them by nature." 

hliy is a inferred that the finest toool might be groum 
in Unghxnd ? 

Because in this country every circumstance attend- 
ing the breed and mode of keeping sheep, is fiivourablt 
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to a luostexteDsivc growth of woolf as exposure to the 
changes of the atmosphere, and the extreme richness 
of their food, both tend to increase the weight of co- 
vering on the animals. The average weight of a fleece 
of the German Mefrino breed, is somewhere about 2i 
to 3 pounds ; whilst that of a fat Leicester sheep is 
fix>m 8 to 9 pounds. 

In Russia, an instrument called a wool-measure, 
has lately been invented, by aid of which, the breeders 
of sheep who desire to improve their stock, may choose, 
by the fineness of then* wool, the best rams to breed 
from : they may even ascertain the different degrees of 
the fineness of "the wool, in different parts of the body 
of an animal, or if a single hair be of the same dia- 
meter throughout its whole length ; the measure being 
divided into one-hundred-thousandth part of an inch. 

fVhy does the prosperity of the wooh-trade in France^ 
depend w\ the exertions of die agriculturists to amdio' 
rate the quality of the fleeces ? 

Because the French government encourage the ex- 
clusive use of their own wool, by heavy duties on the 
raw material of othor countries J and, accordingly, 
nearly four-fifths of the wool consumed in France is. 
of native produce. 

Why UHis the wooUen mariitfacture of France sopros^ 
perous under Louis the Fourteenth ? 

Because Colbert, the famous minister of that day, 
persuaded the king to pffer a bonus of 2,000 livres for 
each loom at work, and to permit the nobility to enter 
into manufacturing speculations without derogating 
from their rank. 

Why does each country of the earth proditce its oton 
peculiar wool or clothe 

Because every one has some breed of sheep or other, 
either indigenous to the climate, or naturalized by the 
inhabitants from some other part. Of these .there is 
an endless variety, each producing a different quality 
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of wool, from the extraordinarily fine Merino wool, 
grown in Silesia, down to the coarse, harsh, and brittle 
clothing of the sheep in tropical climates. 

fVhy have the Gohdin mantifactories become ao cde- 
bratedf 

Because they were originally established by Jean 
Gobelin, upon the river Bi^vre, near Paris, the water 
of which is considered very favourable to the process 
of dyeing. The family of Gobelin were, however, only 
dyers, although their name became attached to the 
quarter in which they lived, and even to the above 
river. They soon became rich, renounced their trade, 
and fiDed various ofSces in the public service. 

Why were (he (Sobdin tapestries so named ^ 
Because the successors or the Grobelins not only dyed 
wool, but made tapestries. Formerly works of this 
kind were confined to Flanders, where the celebrated 
tapestry after Raphael's Cartoons was executed ; but, 
at present, there is no manufactory equal to that of the 
Gobelins. 

fFhy are the carpets of the Gdhelins and (he Savorme' 
Tie so highly pnzed9 

Because of the length of time required to perfect 
them ; sometimes five or six years. They are seldom 
valued at less than £200 or £300 each. The largest 
carpet ever made at la Savonnerie, is probaUy mat 
manufactured for the gallery of the Louvre. It consists 
of seventy-two pieces, and is more than 1,300 feet in 
length. 

In carpet weaving, the wool passes through seven- 
teen processes or sets of hands, to produce the warp. 
Thus, the fleece wool is sorted ; wen scoured ; and 
combed by machine or hand. It is then run through a 
breaking frame and carding-engine ; thence it is earned 
to various drawing frames, to produce regularity in the 
combined fibres ; it is then made into a roving, and 
carried to the spinning-frame and made into single- 
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wonted; afterwardi double; and then ready fyt 
Hcouring and dyeing, warping and weaying. 

JFhv are Ca^mire shawU so tuectssfvUy numu/ae- 
hired w Draneef 

Because the breed of the Thibet goats has been 
naturalized there ; and the French wool supplies the 
place of the oriental so perfectly, that all smuggling 
firorn India is at an end. 

It is said that these shawls were brought into use 
by the officers of the army of Egypt after their return 
from the expedition so fatal to the Mamelukes, fi^om 
whom a large qvuitity was capered. The rage then 
began among the French ladies for these beautiful 
articles, but Sieir very high prices, as well as that of 
the wool of which they are made, prevented them 
fbr some time from being common. The raw materi- 
al is supplied by the goats which browse on the pliuns 
of Khirgiz, whence it is brought to Moscow for sale, 
and it is calculated that a pound of this genuine wool, 
which hardly suffices for the chain of a shawl, cannot 
be imported thence inlo France, washed, picked, and 
spun, for less than 150 francs, 61. 58. 

Why %8 hombcaeen ^o called 9 

Because of its corruption from botnbyeina, the Latin 
name for stuffs composed of a mixture of silk and 
woollen ; and this term is from btnabyx^ silkworm, and 
SiruB^ China. 

SILK. 

ffhy 1008 8ilk 80 litUe used among the Romana ? 

Because the Roman authors were altogether igno- 
rant of its origin ; some supposing it to be grown on 
trees, as hair grows on animals, others that it was pro- 
duced by a small fish, similar to the mussel, which is 
known to throw out threads for the purpose of attaching 
itself to rocks ; others that it was the entrails of a sort 
of i^ider, which was fed for four years with paste, and 
then with the leaves of the green willow, till it burst 
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trith iat ; and others that it was the produce of a worm 
which buik nests of clajf and collected wax. 

Why is it said that we are indebted to the bigotry of 
former times for our present improved silk manufojc- 
tures? 

Because, hi the year 168Q, neai-ly 50,000 manufac- 
^ turers fled from France, took refuge in England, in 
consequence of the revQpation of the Edict of Nant2, 
by Louis XIV. who t^us, as Pennant observes, sent 
thousands of the most mdustrious of his subjects into 
this country, to present his bitterest enemies with the 
arts and manufactureeT of his kingdom: hence the 
origin of the sUk trade in Spitalfields. It appears, 
however, that there was a company of silk women in 
England so early as the year 1455; but these were 
probably employed in needleworks of silk and thread. 
Itely supplied England and all other parts with the 
broad manufactories till 1489. In 1620 the broad 
manufacture was introduced into this country ; and in 
1686 the company of silk-throwsters employed above 
40,000 persons. 

As a specimen of individual enterprise in this branch 
of manufacture, we must notice Sir Thomas Lombe, 
who, about the year 1724, erected in an island on the 
Derwent, near Derby, a curious mill for the manufac- 
ture of silk, the model of which he had brought from 
Italy, at the hazard of his life. This mdclune was 
deemed so important, that, at the expiration of Sir 
Thomas's patent, parliament voted him 14,0002. for 
the risk he had incurred, and the expense attending 
the completion of the machinery. This contained 
26,586 wheels; one water wheel moved the whole, 
and in a day and night it worked 318,504,960 yar<is 
of organized silk. Such, however, is the march of 
ingenuity, that Sir Thomas's famous machinery has 
not been used at Derby for some years, but improved 
machinery, which performs twice the work, in less 
room, is now adopted. 
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ffhv i$ sQk otU 1^ the moit important of mant^/cui 
hares f • 

Because it furnishes subsistence to jfeveral Tnillioni 
of human bein^ ; since there is sc«i:<KiW an indi vidua 
in the civilized wdfld who has not sonwvticle of silll 
In his possession* '* 

The perseverance of our manu&stures has enabled 
them to ship Briiislv Bandana Jiandkerchiefs for India, 
a circumstance which was triumphantly mentioned bv 
the late Mr.' Huskisson, in the House of Commor^, 
about two years since. Tiiey have also been exported 
to France, in considerable quiuftkies. 

In the printing of silk handkerchiefs there has been 
considerable improvement during the last few years. 
Most of the India handkerchiefs are now printed in 
England. Bomeof the blocks display first-rate in- 
genuity ; the patterns or subjects having all tha attrac- 
tions of engraved prints. Thus, it will be curious, a 
few years hence, to see the wender&of .our'Himes, as 
the Thames Tuimel,*&c. and tjie political characters 
of the present day; treasured up in the cabinets: of\he 
curious, on poeket-bandkerchiefs. Yet the idea is only 
a refinement of the old plan of printing the alphabet, 
and cuts of nursery stories, on cotton handkerchiefs, 
for children 5 ^'the silk prints being but for "children of 
a larger growth." We believe the public are indebted 
for Siese amusing embellishment to the ingenious 
Mr. Applegath, of Crayford, Kent, whose patent im- 
provements in block-printing, generally, deserve more 
space than we can here devote to them. 
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